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(54) Graphic display apparatus, character display apparatus, display method, recording medium, 
and program 



(57) A graphic display apparatus for displaying a 
graphic which is represented by binary bit map data in- 
cludes: a display device including a plurality of sub-pix- 
els; and a control section for controlling the display de- 
vice, wherein the plurality of sub-pixels form a plurality 
of groups, each of the plurality of groups includes a pre- 



determined plural number of sub-pixels, and the control 
section assigns each of bits included in the bit map data 
to one of the plurality of groups and displays the graphic 
by controlling sub-pixels included in the one of the plu- 
rality of groups based on information about bits located 
in the vicinity of the bit assigned to the one of the plurality 
of groups. 
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Description 



1 . FIELD OF THE INVENTION: 



5 [0001] The present invention relates to a graphic display apparatus and a graphic display method capable of dis- 
playing a graphic with a high definition using a color display device, and a recording medium for use with such apparatus 
and method. 

2. DESCRIPTION OF THE RELATED ART: 

10 

[0002] For example, in a known technique for displaying a graphic, such as a character, a pictorial symbol, etc., on 
a display apparatus, bit map data which is based on two binary values corresponding to black and white is displayed 
on a pixel by pixel basis. In this technique, one of a plurality of dots which form a graphic corresponds to one pixel. 
Pixels corresponding to black dots (portions which form the outline and inside of each graphic) are represented in 

15 black, and pixels corresponding to white dots are representea in white. 

[0003] Further, a technique disclosed in Japanese Laid-Open Publication No. 3-201788 is known as a technique 
improved from a conventional technique for displaying bit map data on a pixel by pixel basis. According to this improved 
technique, in a color display apparatus which has sub-pixels corresponding to three color elements, R (red), G (green), 
and B (blue), the location of a black area can be adjusted at intervals of 1/3 of a pixel, and therefore, oblique lines 

20 included in a graphic can be smoothly displayed. 

[0004] Figure 39A shows an example of a character "A" of the English alphabet displayed on a display plane 900 of 
5 pixels x 9 pixels according to the conventional technique for displaying bit map data which is based on two binary 
values corresponding to black and white on a pixel by pixel basis. In Figure 39A, each hatched box represents a pixel 
displayed in black and each open box represents a pixel displayed in white. 

25 [0005] Figure 39B shows bit map data 904 of the character "A" of the English alphabet displayed on a display plane 
900. In Figure 39B, each bit labeled with "1" corresponds to a black area, and each bit labeled with "0" corresponds 
to a white area. 

[0006] In this display technique, a substantial degree of jaggedness occurs along oblique lines of the character "A" 
as shown in Figure 39A. Therefore, the oblique lines of the character "A" cannot be viewed by a human eye as smooth 

30 oblique lines. In this conventional technique for displaying bit map data which is based on two binary values corre- 
sponding to black and white on a pixel by pixel basis, the location of a black area can only be adjusted at intervals of 
a single pixel. Thus, a character displayed according to this conventional technique cannot be seen by a human eye 
as a well-defined character because jaggedness occurs along oblique lines or curves of the character. Particularly, 
when a character is displayed with a small number of dots, a greater degree of jaggedness is observed. 

35 [0007] Figure 40A shows an example of a character "A" of the English alphabet displayed on a display plane 910 of 
a color display device according to the technique disclosed in Japanese Laid-Open Publication No. 3-201788, which 
is a technique improved from a conventional technique for displaying bit map data on a pixel by pixel basis. 
[0008] The display plane 910 has a plurality of pixels 912. Each of the plurality of pixels 912 includes horizontally- 
arranged sub-pixels 914R, 914G, and 914B. The sub-pixels 914R, 914G, and 914B correspond to the three color 

40 elements, R (red), G (green), and B (blue), respectively. 

[0009] According to this improved conventional technique, binary bit map data which form a character is provided 
for each of planes, R-plane, G-plane, and B-plane, and when a set of three adjacent sub-pixels are turned off, an area 
corresponding to tl.e set of three adjacent sub-pixels is displayed in black. Herein, the "plane" means a group of sub- 
pixels corresponding to any one of the three color elements, R, G, and B. The arrangement order of three sub-pixels 

45 may be any of (R, G, B), (G, B, R), and (B, R, G). Thus, the location of a black area represented by a set of three sub- 
pixels can be adjusted at intervals of a 1/3 pixel, and therefore, oblique lines included in a character can be smoothly 
displayed. For example, oblique lines included in the character °A" of Figure 40A result in a smaller degree of jagged- 
ness and are displayed more smoothly as compared with those included in the character "A" of Figure 39A. 
[0010] However, this improved conventional technique requires a larger amount of data for displaying a character 

so having a same size, for example, requires a memory three times larger than that required in the conventional technique 
for displaying bit map data on a pixel by pixel basis. This is because binary bit map data which form a character must 
be prepared for each of the planes (R-plane, G-plane, and B-plane). 

[0011] Figure 40B shows bit map data 916 according to the above improved conventional technique. The bit map 
data 916 includes bit map data 91 6R for the R-plane, bit map data 91 6G for the G-plane, and bit map data 91 6B for 
55 the B-plane. As shown, the bit map data 916 has a data amount three times larger than that of the bit map data 904 
(Figure 39B) of the conventional technique for displaying bit map data on a pixel by pixel basis. 
[0012] Furthermore, according to the above-described improved conventional technique, the arrangement order of 
sub-pixels to be turned off is not constant, i.e., may be any of (R, G, B), (G, B, R), and (B, R, G), and color mixture is 
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insufficient at an interface between a region of sub-pixels to be turned on (white area) and a region of sub-pixels to be 
turned off (black area). As a result, a noticeable color noise occurs at the interface therebetween. Furthermore, a data 
structure of the bit map data is different from those employed widely in the conventional techniques, and therefore, 
this data structure cannot be widely applied to various conventional information display apparatuses. 



SUMMARY OF THE INVENTION 

[0013] According to one aspect of the present invention, a graphic display apparatus for displaying a graphic which 
is represented by binary bit map data includes: a display device including a plurality of sub-pixels; and a control section 
for controlling the display device, wherein the plurality of sub-pixels form a plurality of groups, each of the plurality of 
groups includes a predetermined plural number of sub-pixels, and the control section assigns each of bits included in 
the bit map data to one of the plurality of groups and displays the graphic by controlling sub-pixels included in the one 
of the plurality of groups based on information about bits located in the vicinity of the bit assigned to the one of the 
plurality of groups. 

[0014] In one embodiment of the present Invention, the control section defines a basic portion of the graphic to be 
displayed on the display device based on the information about the bits located in the vicinity of the bit assigned to the 
one of the plurality of groups. 

[0015] In another embodiment of the present invention, the control section controls the sub-pixels included In the 
one of the plurality of groups based on information about continuity of the bits located in the vicinity of the bit corre- 
sponding to the one of the plurality of groups. 

[001 6] In still another embodiment of the present invention, one of at least one color element is pre-assigned to each 
of the plurality of sub-pixels, and the intensity of each of the at least one color element is represented stepwise through 
a plurality of color element levels; each of the plurality of sub-pixels has one of the plurality of color element levels; 
and the control section sets a color element level of at least one particular sub-pixel corresponding to a basic portion 
of the graphic to be displayed on the display device to a maximum or semi-maximum color element level, and sets a 
color element level of at least one sub-pixel adjacent to the at least one particular sub-pixel corresponding to the basic 
portion of the graphic to a color element level different from the maximum or semi-maximum color element level. 
[001 7] In still another embodiment of the present invention, the control section adjusts a width of a line of the graphic 
to be displayed on the display device by controlling the number of sub-pixels corresponding to the basic portion of the 



[001 8] In still another embodiment of the present invention, the control section adjusts a width of a line of the graphic 
to be displayed on the display device by controlling the color element level of a sub-pixel adjacent to the at least one 
particular sub-pixel corresponding to the basic portion of the graphic. 

[0019] In still another embodiment of the present invention, each of the plurality of sub-pixels is controlled by con- 
35 verting the color element level to a brightness level according to a predetermined table; and the control section gen- 
erates the predetermined table according to a characteristic of the display device. 

[0020] In still another embodiment of the present invention, the control section compares a characteristic of a refer- 
ence display device and the characteristic of the display device and generates the predetermined table according to 
a difference in the characteristics. 

40 [0021] According to another embodiment of the present invention, a character display apparatus for displaying a 
character which is represented by binary bitmap data includes: a display device including a plurality of sub-pixels; and 
a control section for controlling the display device, wherein the plurality of sub-pixels form a plurality of groups, each 
of the plurality of groups includes a predetermined plural number of sub-pixels, the control section assigns each of bits 
included in the bit map data to one of the plurality of groups, and according to additional information provided to at 

45 least one of the bits Included in the bit map data, the control section switches a mode for controlling sub-pixels included 
in a group to which the bit provided with the additional information Is assigned between the following two different 
modes: (1) the sub-pixels are controlled based on information about bits located in the vicinity of the bit provided with 
the additional information: and (2) the sub-pixels are controlled based on a pattern designated by the additional infor- 
mation. 

so [0022] According to still another embodiment of the present invention, a character display apparatus includes: a 
display device including a plurality of sub-pixels; a control section for controlling the display device; and a storage 
section for storing basic portion data which defines a basic portion of a character on a sub-pixel by sub-pixel basis, 
wherein one of a plurality of color elements is pre-assigned to each of the plurality of sub-pixels, the intensity of each 
of the plurality of color elements is represented stepwise through a plurality of color element levels, each of the plurality 

55 of sub-pixels has one of the plurality of color element levels, and the control section: reads the basic portion data from 
the storage section; sets a color element level of at least one particular sub-pixel corresponding to the basic portion 
of the character to a predetermined color element level based on the basic portion data; and sets a color element level 
of at least one sub-pixel adjacent to the at least one particular sub-pixel corresponding to the basic portion of the 
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character to a color element level different from the predetermined color element level. 

[0023] According to still another embodiment of the present invention, a graphic display method for displaving a 
graphic which is represented by binary bit map data on a display device including a plurality of sub-pixels, wherein: 
the plurality of sub-pixels form a plurality of groups; each of the plurality of groups includes a predetermined plural 
5 number of sub-pixels; and the method comprises steps of: (a) assigning each of bits included in the bit map data to 
one of the plurality of groups; and (b) displaying the graphic on the display device by controlling sub-pixels included 
in one of the plurality of groups based on information about bits located in the vicinity of the bit assigned to the one of 
the plurality of the groups. 

[0024] According to still another embodiment of the present invention, a character display method for displaying a 
10 graphic which is represented by binary bit map data on a display device including a plurality of sub-pixels, wherein: 
the plurality of sub-pixels form a plurality of groups; each of the plurality of groups includes a predetermined plural 
number of sub-pixels; and the method comprises steps of: (a) assigning each of bits included in the bit map data to 
one of the plurality of groups; and (b) according to additional information provided to at least one of the bits included 
in the bit map data, switching a mode for controlling sub-pixels included in a group to which the bit provided with the 
15 additional information is assigned between the following two different modes: (b-1 ) the sub-pixels are controlled based 
on information about bits located in the vicinity of the bit provided with the additional information; and (b-2) the sub- 
pixels are controlled based on a pattern designated by the additional Information. 

[0025] According to still another embodiment of the present invention, a character display method for displaying a 
character on a display device including a plurality of sub-pixels, wherein: one of a plurality of color elements is pre- 

20 assigned to each of the plurality of sub-pixels; the intensity of each of the plurality of color elements is represented 
stepwise through a plurality of color element levels; each of the plurality of sub-pixels has one of the plurality of color 
element levels; and the method comprises steps of: (a) reading from a storage device, basic portion data which defines 
a basic portion of the character on a sub-pixel by sub-pixel basis; (b) setting a color element level of at least one 
particular sub-pixel corresponding to the basic portion of the character to a predetermined color element level based 

25 on the basic portion data; and (c) setting a color element level of at least one sub-pixel adjacent to the at least one 
particular sub-pixel corresponding to the basic portion of the character to a color element level different from the pre- 
determined color element level. 

[0026] According to still another embodiment of the present invention, a recording medium which can be read by an 
information display apparatus incorporating a display device including a plurality of sub-pixels, wherein: the recording 

30 medium contains a program for allowing the information display apparatus to execute a graphic display process; the 
plurality of sub-pixels form a plurality of groups; each of the plurality of groups includes a predetermined plural number 
of sub-pixels; and the graphic display process comprises steps of: (a) assigning each of bits included in binary bit map 
data to one of the plurality of groups; and (b) displaying a graphic on the display device by controlling sub-pixels included 
in one of the plurality of groups based on information about bits located in the vicinity of the bit assigned to the one of 

35 the plurality of the groups. 

[0027] According to still another embodiment of the present invention, a recording medium which can be read by an 
information display apparatus incorporating a display device including a plurality of sub-pixels, wherein: the recording 
medium contains a program for allowing the information display apparatus to execute a character display process; the 
plurality of sub-pixels form a plurality of groups; each of the plurality of groups includes a predetermined plural number 

40 of sub-pixels; and the character display process comprises steps of: (a) assigning each of bits included in binary bit 
map data to one of the plurality of groups; and (b) according to additional information provided to at least one of the 
bits included in the bit map data, switching a mode for controlling sub-pixels included in a group to which the bit provided 
with the additional information is assigned between the following two different modes: (b-1) the sub-pixels are controlled 
based on information about bits located in the vicinity of the bit provided with the additional information; and (b-2) the 

45 sub-pixels are controlled based on a pattern determined by the additional information. 

[0028] According to still another embodiment of the present invention, a recording medium which can be read by an 
information display apparatus incorporating a display device including a plurality of sub-pixels and a storage section 
for storing basic portion data for defining a basic portion of a character on a sub-pixel by sub-pixel basis, wherein: the 
recording medium contains a program for allowing the information display apparatus to execute a character display 

so process; one of a plurality of color elements is pre-assigned to each of the plurality of sub-pixels; the intensity of each 
of the plurality of color elements is represented stepwise through a plurality of color element levels; each of the plurality 
of sub-pixels has one of the plurality of color element levels; and the character display process comprises steps of: (a) 
reading from the storage section the basic portion data which defines the basic portion of the character on a sub-pixel 
by sub-pixel basis; (b) setting a color element level of at least one particular sub-pixel corresponding to the basic portion 

55 of the character to a predetermined color element level based on the basic portion data; and (c) setting a color element 
level of at least one sub-pixel adjacent to the at least one particular sub-pixel corresponding to the basic portion of the 
character to a color element level different from the predetermined color element level. 

[0029] According to still another embodiment of the present invention, a program for allowing an information display 
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apparatus incorporating a display device including a plurality of sub-pixels to execute a graphic display process, where- 
in: the plurality of sub-pixels form a plurality of groups; each of the plurality of groups includes a predetermined plural 
number of sub-pixels; and the graphic display process comprises steps of: (a) assigning each of bits included in binary 
bit map data to one of the plurality of groups; and (b) displaying a graphic on the display device by controlling sub- 
s pixels included in one of the plurality of groups based on information about bits located in the vicinity of the bit assigned 
to the one of the plurality of the groups. 

[0030] According to still another embodiment of the present invention, a program for allowing an information display 
apparatus incorporating a display device including a plurality of sub-pixels to execute a character display process, 
wherein: the plurality of sub-pixels form a plurality of groups; each of the plurality of groups includes a predetermined 
10 plural number of sub-pixels; and the character display process comprises steps of: (a) assigning each of bits included 
in binary bit map data to one of the plurality of groups; and (b) according to additional information provided to at least 
one of the bits included in the bit map data, switching a mode for controlling sub-pixels included in a group to which 
the bit provided with the additional information is assigned between the following two different modes: (b-1) the sub- 
pixels are controlled based on information about bits located in the vicinity of the bit provided with the additional infor- 
ms mation; and (b-2) the sub-pixels are controlled based on a pattern determined by the additional information. 

[0031] According to still another embodiment of the present invention, a program for allowing an information display 
apparatus incorporating a display device including a plurality of sub-pixels and a storage section for storing basic 
portion data for defining a basic portion of a character on a sub-pixel by sub-pixel basis to execute a character display 
process, wherein: one of a plurality of color elements is pre-assigned to each of the plurality of sub-pixels; the intensity 
20 of each of the plurality of color elements is represented stepwise through a plurality of color element levels; each of 
the plurality of sub-pixels has one of the plurality of color element levels; and the character display process comprises 
steps of: (a) reading from the storage section the basic portion data which defines the basic portion of the character 
on a sub-pixel by sub-pixel basis; (b) setting a color element level of at least one particular sub-pixel corresponding to 
the basic portion of the characterto a predetermined colorelement level based on the basic portion data; and (c) setting 
25 a color element level of at least one sub-pixel adjacent to the at least one particular sub-pixel corresponding to the 
basic portion of the character to a color element level different from the predetermined color element level. 
[0032] Hereinafter, functions of the present invention will be described. 

[0033] According to the present invention, each of the bits included in bit map data which represents a graphic is 
assigned to a group including any plural number of sub-pixels, and each sub-pixel included in the group is separately 

30 controlled stepwise based on information about bits located in the vicinity of the bit corresponding to the group. Although 
the resolution of the bit map data corresponds to the size of each group of sub-pixels, the resolution for displaying the 
graphic corresponds to the size of each sub-pixel. Thus, the graphic can be displayed with a definition higher than that 
of the bit map data which represents the graphic. Furthermore, the bit map data used in the present invention is binary 
bit map data which is the same as a conventionally-employed dot font. Thus, the amount of data required for displaying 

35 the graphic is reduced. 

[0034] Furthermore, according to the present invention, additional information is provided to at least one of the bits 
included in bit map data which represents a character, and a mode for controlling sub-pixels included in a group cor- 
responding to the bit provided with the additional information is switched according to the additional information between 
the following two different modes: (1 ) the sub-pixels are controlled based on information about bits located in the vicinity 

to of the bit provided with the additional information; and (2) the sub-pixels are controlled based on a pattern determined 
by the additional information. When a portion of a character whose sub-pixels are controlled based on information 
about vicinal bits is displayed in an undesirable shape, the sub-pixels are controlled based on a pattern determined 
by the additional information . With such an arrangement, the character represented by the bit map data can be displayed 
with a high definition and a high quality, and the amount of data required for displaying the character is reduced. 

45 [0035] Further still, according to the present invention, the color element level of at least one particular sub-pixel 
corresponding to a basic portion of a character Is set to a predetermined color element level based on basic portion 
data, and the color element level of at least one sub-pixel located adjacent to the at least one particular sub-pixel 
corresponding to the basic portion of the character is set to a color element level different from the predetermined color 
element level. The intensity of each of a plurality of color elements is represented stepwise through a plurality of color 

so element levels, and thus, the color element levels of adjacent sub-pixels can be set such that the color element levels 
gradually increases/decreases from sub-pixel to sub-pixel, with such an arrangement, occurrence of a color noise can 
be suppressed. The basic portion data defines the basic portion of the character on a sub-pixel by sub-pixel basis, and 
therefore, the character can be displayed with a high definition and a high quality. 

[0036] Thus, the invention described herein makes possible the advantages of (1) providing a graphic display ap- 
55 paratus and a graphic display method capable of displaying a graphic based on bit map data with a high definition 
using a reduced amount of data, and a recording medium and a program for use with such apparatus and method; (2) 
providing a character display apparatus and a character display method capable of displaying a character based on 
bit map data with a high definition and a high quality using a reduced amount of data, and a recording medium and a 
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program for use with such apparatus and method; and (3) providing a character display apparatus and a character 
display method capable of displaying a character with no color noise, a high definition, and a high quality, and a recording 
medium and a program for use with such apparatus and method. 

[0037] These and other advantages of the present invention will become apparent to those skilled in the art upon 
5 reading and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] Figure 1 schematically illustrates a display plane 400 of a display device 3 which can be used with the graphic 
10 display apparatus of the present invention. 

[0039] Figure 2 illustrates an oblique line being displayed on the 6x 1 2-pixel display plane 400 of the display device 3. 
[0040] Figure 3 illustrates an oblique line being displayed on the display plane 400 of the display device 3 to be 
narrower than that illustrated in Figure 2. 

[0041] Figure 4 illustrates an oblique line being displayed on the display plane 400 of the display device 3 to be wider 
is than that illustrated in Figure 2. 

[0042] Figures 5, 6, and 7 illustrate brightness tables 92, 94, and 96, each of which defines the relationship between 

the color element level of a sub-pixel (level 7 to level 0) and the brightness level of the sub-pixel. 

[0043] Figure 8A illustrates a structure of a graphic display apparatus 1a according to embodiment 1 of the present 

invention. 

20 [0044] Figures 8B and 8C illustrate structures of character display apparatuses 1 b and 1 c according to embodiments 
2 and 3 of the present invention. 

[0045] Figure 8D illustrates a structure of a graphic display apparatus 1d according to embodiment 4 of the present 
invention. 

[0046] Figure 9 illustrates a correction pattern table 2060 as an example of a correction pattern table 5b stored in 
25 an auxiliary storage apparatus 40. 

[0047] Figure 10 illustrates a procedure for processing the display program 41a. 
[0048] Figure 11 shows a portion of bit map data which represents a graphic. 
[0049] Figure 12 shows a portion of a display plane of the display device 3. 

[0050] Figure 13A shows an example of eight neighborhoods around the current bit D(x,y) in the bit map data. 
30 [0051] Figure 13B shows sub-pixels defined as sub-pixels for the basic portion based on a basic portion definition 

rule when the eight neighborhood bits around the bit D(x,y) have values shown in Figure 13A. 

[0052] Figure 14A shows another example of eight neighborhoods around the current bit D(x t y) in the bit map data. 

[0053] Figure 14B shows sub-pixels defined as sub-pixels for the basic portion based on a basic portion definition 

rule when the eight neighborhood bits around the bit D(x,y) have values shown in Figure 14A. 
35 [0054] Figure 15A shows still another example of eight neighborhoods around the current bit D(x,y) in the bit map 

data. 

[0055] Figure 15B shows sub-pixels defined as sub-pixels for the basic portion based on a basic portion definition 
rule when the eight neighborhood bits around the bit D(x,y) have values shown in Figure 15A. 
[0056] Figure 16A shows still another example of eight neighborhoods around the current bit D(x,y) in the bit map 



[0057] Figure 16B shows sub-pixels defined as sub-pixels for the basic portion based on a basic portion definition 
rule when the eight neighborhood bits around the bit D(x,y) have values shown in Figure 16A. 
[0058] Figure 17 shows all cf exemplary "1T0 M arrangement patterns of the eight neighborhood dots around the 
current bit D(x,y). 

[0059] Figure 18 shows a result of application of basic portion definition rules to a conventional dot font shown in 
Figure 39B. 

[0060] Figure 19 shows an example of color element level determination. 

[0061] Figure 20 shows a correction pattern table 2170 which is a variation of a correction pattern table 5b. 
[0062] Figure 21 shows a correction pattern table 2160 which is a variation of the correction pattern table 5b. 
[0063] Figure 22 shows a correction pattern table 2270 which is a variation of the correction pattern table 5b. 
[0064] Figure 23A shows bit map data which represents a line of tan9=1 . 

[0065] Figure 23B shows sub-pixels which are defined as sub-pixels for the basic portion of the line of tan9=1 shown 
in Figure 23A. 

[0066] Figure 23C shows an exemplary color element level arrangement of sub-pixels in the vicinity of the sub-pixels 

for the basic portion of the line of tan9=1 shown in Figure 23A. 

[0067] Figure 24A shows bit map data which represents a line of tan8=1/3. 

[0068] Figure 24B shows sub-pixels defined as sub-pixels for the basic portion of the line of tan6=1/3 shown in Figure 
24A. 
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[0069] Figure 24C shows an exemplary color element level arrangement of sub-pixels in the vicinity of the sub-pixels 

for the basic portion of the line of tan6=1/3 shown in Figure 24A. 

[0070] Figure 25A shows bit map data which represents a line of tan9=2. 

[0071] Figure 25B shows sub-pixels defined as sub-pixels for the basic portion of the line of tan0=2 shown in Figure 
5 25A. 

[0072] Figure 25C shows an exemplary color element level arrangement of sub-pixels in the vicinity of the sub-pixels 

for the basic portion of the line of tan6=2 shown in Figure 25A. 

[0073] Figure 26A shows bit map data which represents a line of tan8=4. 

[0074] Figure 26B shows sub-pixels which are defined as sub-pixels for the basic portion of the line of tan9=4 shown 
10 in Figure 26A. 

[0075] Figure 26C shows an exemplary color element level arrangement of sub-pixels in the vicinity of the sub-pixels 
for the basic portion of the line of tan8=4 shown in Figure 26A. 

[0076] Figure 27A shows bit map data (dot font) 3271 which represents a shape of a Chinese character "ft" having 
a character size of 11 dots x 11 dots. 
15 [0077] Figure 27B shows a result of application of the basic portion definition rules to the bit map data 3271 shown 
in Figure 27A. 

[0078] Figure 28 Is a flowchart illustrating a procedure for processing the display program 41 b. 
[0079] Figure 29 shows a data structure of local correction data 5e when the number of correction target bits, N, is 
greater than 0 and smaller than Nmax. 
20 [0080] Figure 30 shows a data structure of the local correction data 5e when the number of correction target bits, N, 
is equal toO. 

[0081] Figure 31 shows a data structure of the local correction data 5e when the number of correction target bits, N, 
is equal to Nmax. 

[0082] Figure 32 is a flowchart showing a detailed procedure for defining a sub-pixel for the basic portion of the 
25 character based on the local correction data 5e. 

[0083] Figure 33 shows an example of local correction data 5e of a Chinese character "It". 

[0084] Figure 34 shows the basic portions of the character "ft" which have been defined by executing Steps S3801 
to S3860 in the procedure shown in Figure 28 with the bit map data 3271 (Figure 27 A) and the local correction data 
5e (Figure 33). 

30 [0085] Figure 35 shows a relationship between the reference display device characteristic and a characteristic of 
the display device 3. 

[0086] Figure 36 shows correction amounts for the reference brightness table. 

[0087] Figure 37 shows a corrected brightness table 2892 obtained by correcting the reference brightness table. 
[0088] Figure 38 illustrates a procedure for processing a brightness table generation program 6b. 
35 [0089] Figure 39A shows an example of a character "A" of the English alphabet displayed on a display plane 900 of 
5 pixels x 9 pixels according to a conventional technique for displaying bit map data which is based on two binary 
values corresponding to black and white on a pixel by pixel basis. 

[0090] Figure 39B shows bit map data 904 of the character "A" of the English alphabet displayed on a display plane 
900. 

40 [0091] Figure 40A shows an example of a character "A" of the English alphabet displayed on a display plane 910 of 
a color display device according to a technique improved from a conventional technique for displaying bit map data on 
a pixel by pixel basis. 

[0092] Figure 40B shows bit map data 916 according to the above improved conventional technique. 
45 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0093] First, the graphic display principle of the present invention will be described. The graphic display principle is 
commonly used in all embodiments to be described below. In this specification, a "graphic" includes a character, a 
pictorial symbol, etc. In the case where a graphic is considered as a group of dots, a two-dimensional matrix of infor- 

so mation corresponding to the respective dots (e.g., whether the dot is a white dot or black dot) is called "bit map data". 
Bit map data for a character is specifically called a "dot font". In this specification, "bit map data" includes a dot font. 
[0094] Figure 1 schematically illustrates a display plane 400 of a display device 3 (Figures 8A, 8B, 8C, and 8D) 
which can be used with the graphic display apparatus of the present invention. The display device 3 includes a plurality 
of pixels 12 which are arranged along the X and Y directions. Each of the pixels 12 includes a plurality of sub-pixels 

55 which are arranged along the X direction. In the example illustrated in Figure 1 , each pixel 12 includes three sub-pixels 
14R, 14Gand14B. 

[0095] The sub-pixel 14R is pre-assigned to a color element R so as to output color R (red). The sub-pixel 14G is 
pre-assigned to a color element G so as to output color G (green). The sub-pixel 1 4B is pre-assigned to a color element 
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B so as to output color B (blue). 

[0096] The brightness of each of the sub-pixels 14R, 14G and 14B is represented by a value ranging from 0 to 255, 
for example. When each of the sub-pixels 14R, 14G and 14B may independently take a value ranging from 0 to 255, 
it is possible to display about 1 6,700,000 (=256x256x256) different colors. 

[0097] In the above-described technique for displaying bit map data on a pixel by pixel basis, one bit of the bit map 
data is associated with a pixel including sub-pixels (R, G, B), and each sub-pixel included in the pixel is on/off-controlled 
based on only information for that bit ("1" or "O"). 

[0098] Also in the Improved conventional technique disclosed in Japanese Laid-Open Publication No. 3-201 788, one 
bit of bit map data is associated with a sub-pixel, and each sub-pixel is on/off-controlled based on only information for 



[0099] On the contrary, according to the present invention, one bit of bit map data is associated with a pixel, and 
each sub-pixel included in the pixel is controlled with consideration for information of the bits around that bit. Further- 
more, each sub-pixel is controlled separately and gradually over a plurality of levels rather than on/off-control. 
[0100] Thus, the present invention independently controls the color elements (R, G, B) which respectively correspond 

15 to the sub-pixels 14R, 14G and 14B included in one pixel 12, while appropriately controlling the color element level of 
a sub-pixel adjacent to a sub-pixel corresponding to the basic portion of the graphic. In this way, not only the outline 
of the graphic but also the graphic itself can be displayed in a virtual black color (i.e., without a color noise) with a high 
definition (I.e., with a high resolution). The term "virtual black color" as used herein refers to a color which is not black 
in a chromatically strict sense but which can be observed by a human eye to be black. 

20 [0101] The structure of bit map data used in the present invention is the same as that used in the conventional 
technique for displaying bit map data on a pixel by pixel basis. Thus, bit map data can be stored with a relatively small 
memory capacity. Furthermore, the present invention can be readily applied to conventionally-employed information 
display apparatuses. 

[0102] The present invention is not limited to those applications where a black graphic is displayed. Rather, the 

25 display principle of the present invention can be used to display a graphic in an achromatic color. For example, when 
the display principle of the present invention is used to display a graphic in a gray color, effects similar to those described 
above can be obtained. When displaying a gray graphic, the relationship between the color element level and the 
brightness level as defined in a brightness table 92 of Figure 5 can be changed so that color element levels 7-0 cor- 
respond to a range of brightness levels from 128 to 255, for example. Furthermore, a graphic can be displayed in a 

30 specific color by modifying the brightness table. 

[0103] Figure 2 illustrates an oblique line being displayed on the 6x1 2-pixel display plane 400 of the display device 
3. In the example illustrated in Figure 2, the color element level of each of the sub-pixels 1 4R, 1 4G and 14B is controlled 
through four different levels, i.e. , level 3 to level 0. In Figure 2, each level 3 box represents a sub-pixel whose brightness 
level is 0, each level 2 box represents a sub-pixel whose brightness level is 80, each level 1 box represents a sub- 

35 pixel whose brightness level is 180, and each level 0 box represents a sub-pixel whose brightness level Is 255. 

[0104] The color element level of each sub-pixel corresponding to the basic portion of the graphic is set to level 3 
(the maximum color element level). The color element level of each sub-pixel which is adjacent to a sub-pixel corre- 
sponding to the basic portion of the graphic is set to level 2 or level 1. The "basic portion" refers to a portion corre- 
sponding to a core of a graphic. 

40 [0105] Figure 3 illustrates an oblique line being displayed on the display plane 400 of the display device 3 to be 
narrower than that illustrated in Figure 2. Such a display can be achieved by changing the width of the basic portion 
of the graphic (i.e., the width of the line corresponding to level 3) from a 2 sub-pixel width to a 1 sub-pixel width. 
[01 06] Figure 4 illustrates an oblique line being displayed on the display plane 400 of the display device 3 to be wider 
than that illustrated in Figure 2. Such a display can be achieved by changing the width of the basic portion of the graphic 

45 (i.e., the width of the line corresponding to level 3) from a 2 sub-pixel width to a 3 sub-pixel width. 

[0107] Thus, by adjusting the width of the basic portion of a graphic on a sub-pixel by sub-pixel basis, it is possible 
to perform a finer control on the width of the graphic. 

[0108] In the example illustrated in Figures 2 and 4, the color element level of each sub-pixel is controlled through 
four levels, i.e., level 3 to level 0. By increasing the number of color element levels of a sub-pixel, colors of the graphic 

so other than black can be made less conspicuous to a human eye. 

[01 09] Figure 5 illustrates the brightness table 92 which defines the relationship between the color element level of 
a sub-pixel (level 7 to level 0) and the brightness level of the sub-pixel. By storing the brightness table 92 in a memory 
device, the color element level of each sub-pixel can easily be converted to a brightness level. In the brightness table 
92, the eight color element levels (level 7 to level 0) are assigned over the range of brightness levels of 0 to 255 at 

55 substantially regular intervals. 

[01 1 0] Figure 6 illustrates another brightness table 94 which defines the relationship between the color element level 
of a sub-pixel (level 7 to level 0) and the brightness level of the sub-pixel. In the brightness table 94, brightness levels 
corresponding to color element levels 7 to 4 are shifted toward the brightness level of 0, and other brightness levels 
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corresponding to color element levels 3 to 0 are shifted toward the brightness level of 255. When the brightness table 
94 of Figure 6 is used, the apparent width of each line included in a graphic can be reduced from that obtained when 
the brightness table 92 of Figure 5 is used. 

[01 1 1] Figure 7 illustrates still another brightness table 96 which defines the relationship between the color element 
5 level of a sub-pixel (level 7 to level 0) and the brightness level of the sub-pixel. The brightness table 96 is particularly 
suitable when the display device 3 is a color liquid crystal display device. It is possible with the brightness table 96 to 
correct the brightness of the sub-pixel of the color element B, thereby preventing the sub-pixel from being perceived 
darker than other color elements when the brightness level of a sub-pixel of a color element B is relatively low. Thus, 
a brightness table suited for the display characteristic of the display device 3 can be employed so as to make colors 
10 of the graphic other than black less conspicuous to a human eye. 

[01 1 2] The display device 3 may be a stripe-type color liquid crystal display device. Alternatively, the display device 
3 may be a delta-type color liquid crystal display device. Even with a delta-type color liquid crystal display device, 
effects similar to those provided by a stripe-type color liquid crystal display device can be obtained by independently 
controlling R, G, B sub-pixels which correspond to one pixel. The color liquid crystal display device may be a trans- 
15 mission type liquid crystal display device, which is widely used in personal computers, or the like, as well as a reflection 
type or rear projection type liquid crystal display device. However, the display device 3 is not limited to those color 
liquid crystal display devices. The display device 3 may be any color display apparatus Including a plurality of pixels 
which are arranged along the X and Y directions (so-calted "X-Y matrix display apparatus"). 

[01 13] Moreover, the number of sub-pixels included in each pixel 12 is not limited to three. The pixel 1 2 may include 
20 one or more sub-pixels arranged in a predetermined direction. For example, when N color elements are used to rep- 
resent a color, each pixel 12 may include N sub-pixels. 

[0114] The order of arrangement of the sub-pixels 14R, 14G and 14B is not limited to that illustrated in Figure 1. For 
example, the sub-pixels may be arranged in the order of B, G, R along the X direction. Moreover, the direction of 
arrangement of the sub-pixels 14R, 14G and 14B is not limited to that illustrated in Figure 1 . The sub-pixels 14R, 14G 
25 and 14B may be arranged in any direction, 

[01 1 5] Furthermore, the group of color elements for use with the present invention is not limited to R (red), G (green), 
B (blue). Alternatively, the color elements may be C (cyan), Y (yellow), M (magenta). 

[0116] Hereinafter, embodiments of the present invention will be described with reference to the drawings. 
30 (Embodiment 1) 

[0117] Figure 8A illustrates a structure of a graphic display apparatus 1a according to embodiment 1 of the present 
invention. The graphic display apparatus 1a may be, for example, a personal computer. Such a personal computer 
may be of any type such as a desk top type or lap top type computer. Alternatively, the graphic display apparatus 1a 

35 may be a word processor. 

[0118] Moreover, the graphic display apparatus 1a may alternatively be any information display apparatus such as 
an electronic apparatus or information apparatus incorporating a color display device. For example, the graphic display 
apparatus 1a may be an electronic apparatus incorporating a color liquid crystal display device, a portable information 
terminal which is a portable information tool, a portable phone including a PHS, a general-purpose communication 

40 apparatus such as a telephone/FAX, or the like. 

[0119] The graphic display apparatus 1a includes the display device 3 capable of performing a color display, and a 
control section 20 for independently controlling a plurality of color elements respectively corresponding to a plurality 
of sub-pixels included in the display device 3. The control section 20 is connected to the display device 3, an input 
device 7, and an auxiliary storage apparatus 40. 

45 [0120] The input device 7 Is used to input a graphic to be displayed on the display device 3. For example, bit map 
data representing a graphic may be bit map data 5a stored in the auxiliary storage apparatus 40 or bit map data 25a 
input through the input device 7. In the case where the graphic to be displayed on the display device 3 is previously 
determined, the bit map data 5a stored in the auxiliary storage apparatus 40 can be used. The bit map data 5a is, for 
example, a dot font for a character. When a character is displayed on the display device 3, text data 26 including a 

50 character code, a character size, etc., is input to the control section 20 through the input device 7. The control section 
20 searches for character data of the character to be displayed on the display device 3 through the bit map data (dot 
fonts) 5a stored in the auxiliary storage apparatus 40. In this case, for example, a keyboard or the like is used as the 
input device 7. In the case where the graphic display apparatus 1a is a portable phone, for example, the text data 26 
may be input using numeric keys or a jog-dial. 

55 [0121] In the case where bit map data of the graphic to be displayed on the display device 3 is not stored in the 
auxiliary storage apparatus 40, the bit map data 25a is input through the input device 7. In this case, a scanner, a 
mouse, etc., may be preferably used. The auxiliary storage apparatus 40 may not have bit map data 25a, and in such 
a case, ail of bit map data including a dot font may be input through the input device 7. 
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[0122] Furthermore, the text data 26 and the bit map data 25a may be input to the control section 20 through a 
communication line. In this case, an interface circuit for the communication line such as a modem or the like may be 
used as the input device 7. For example, the graphic display apparatus 1 a is capable of displaying a text of an electronic 
mail according to a graphic display method of the present invention. 
5 [0123] The control section 20 includes a CPU 2 and the main memory 4. 

[0124] The CPU 2 controls and monitors the entire graphic display apparatus 1a, and also executes the graphic 
display program 41a stored in the auxiliary storage apparatus 40. 

[0125] The main memory 4 temporarily stores data which has been input through the input device 7, data to be 
displayed on the display device 3, or data which is required to execute the graphic display program 41a. The main 
10 memory 4 is accessed by the CPU 2. 

[0126] The CPU 2 controls sub-pixels of the display device 3 by executing the graphic display program 41a based 
on various data stored in the main memory 4 so as to display a graphic on the display device 3. The timing at which 
the graphic is displayed on the display device 3 is controlled by the CPU 2. 

[0127] The auxiliary storage apparatus 40 stores a display program 41a and data 5 which is required to execute the 
*5 display program 41a. The data 5 includes bit map data 5a which represents the shape of the graphic, a correction 
pattern table 5b for correcting the color element level in a stepwise fashion in order to suppress color noise, and a 
brightness table 5c for converting the color element level to the brightness level. 

[0128] The bit map data 5a and the bit map data 25a received by the Input device 7 are binary data where one of a 
plurality of dots which form a graphic is represented by one bit. 

20 [0129] The brightness table 5c may be, for example, the brightness table 92 (Figure 5), the brightness table 94 
(Figure 6), or the brightness table 96 (Figure 7). The auxiliary storage apparatus 40 may be any type of storage appa- 
ratus capable of storing the display program 41a and the data 5. Any type of recording medium may be used in the 
auxiliary storage apparatus 40 for storing the display program 41 a and the data 5. For example, a hard disk s CD-ROM, 
MO, floppy disk, MD, DVD, IC card, optical card, or the like, may suitably be used as a recording medium. 

25 [0130] The present invention is not limited to applications where the display program 41a and the data 5 are stored 
on a recording medium in the auxiliary storage apparatus 40. For example, the display program 41a and the data 5 
may alternatively be stored in a main memory 4 or in a ROM (not shown). Such a ROM may be, for example, a mask 
ROM, EPROM, EEPROM, flash ROM, or the like. In such a ROM-based system, it is possible to realize various types 
of processing only by switching a ROM to another. The ROM-based system may suitably be used, for example, with 

30 a portable terminal apparatus or a portable phone. 

[01 31 ] The display program 41 a and the data 5 may be wholly or partially downloaded to the graphic display apparatus 
1a via any communication line. 

[0132] A display programs 41b (Figure 8B), a display program 41c (Figure 8C), a display program B 6a (Figure 8D), 
and a brightness table generation program 6b (Figure 8D), which will be described later, may be handled in a manner 

35 similar to that for the display program 41a. 

[0133] Figure 9 illustrates a correction pattern table 2060 as an example of the correction pattern table 5b (Figure 
8A) stored in the auxiliary storage apparatus 40. The correction pattern table 2060 defines a correction pattern 1 . The 
correction pattern 1 indicates that the color element levels of sub-pixels arranged in the vicinity of a sub-pixel corre- 
sponding to the basic portion of the graphic (hereinafter, referred to as "vicinal sub-pixel") are set to "5", "2" and "1 ■ in 

40 this order from the sub-pixel closest to the basic portion of the graphic to the farthest one from the basic portion of the 
graphic. Such a correction pattern is represented as a "correction pattern (5, 2, 1)" for illustration. Thus, correction 
pattern 1 is used to determine the color element level of each sub-pixel which is arranged in the vicinity of a sub-pixel 
corresponding to the basic portion of the graphic. 

[0134] The number of vicinal sub-pixels whose color element level is determined by the correction pattern is not 
limited to 3. The correction pattern can be used to determine the color element level of each of any number (1 or more) 
of vicinal sub-pixels. 

[01 35] Figure 1 0 illustrates a procedure for processing the display program 41 a. The display program 41 a is executed 
by the CPU 2. Each step in the procedure for processing the display program 41a will now be described. 
[0136] Step S1 : A graphic to be displayed on the display device 3 is designated. As described above with reference 
so to Figure 8A, this designation is achieved by inputting the text data 26 or the bit map data 25a to the control section 
20 through the input device 7. 

[0137] Step S2: Bit map data of the graphic designated at Step S1 is stored in the main memory 4. This bit map data 
is the bit map data 5a stored in the auxiliary storage apparatus 40 or the bit map data 25a input through the input 
device 7. 

55 [0138] Step S3: It is determined whether or not each of bits which form the bit map data is "1 " . If "Yes", the process 
proceeds to Step S4. If "No", the process proceeds to Step S7. 

[0139] Step S4: A "1 TO" arrangement pattern of bits located in the vicinity of a current bit is examined. 

[0140] Step S5: The current bit is assigned to one of the pixels. This assignment is achieved based on where on the 
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display plane 400 (Figure 1) of the display device 3 the graphic should be positioned. For example, in the case where 
the graphic is positioned at the upper left corner of the display plane 400, a bit located at the upper left corner of the 
bit map data is assigned to a pixel located at the upper left corner of the display plane 400 among the plurality of pixels 
12 included in the display plane 400. Similarly, a bit arranged adjacent to the right side of the bit located at the upper 
5 left corner of the bit map data is assigned to a pixel arranged adjacent to the right side of the pixel located at the upper 
left corner of the display plane 400. 

[01 41 ] Step S6: Among sub-pixels included in the pixel corresponding to the current bit, a sub-pixel for a basic portion 
(a sub-pixel corresponding to a basic portion of the graphic) is defined based on the 'TVO" arrangement pattern of the 
bits located in the vicinity of the current bit. This determination of a sub-pixel for a basic portion is achieved according 
10 to a predetermined basic portion definition rule. This basic portion definition rule will be described later with reference 
to Figures 13A, 13B, 14A, 14B, 15A, 15B, 16A, and 16B. 

[0142] Step S7: It is determined whether steps S3-S6 have been performed for all of the bits which form the bit map 
data. If "Yes", the process proceeds to step S8. If "No", the process returns to step S3. 

[0143] Step S8 : The color element level of the sub-pixel defined as a sub-pixel for the basic portion at Step S6 is 
is set to the maximum color element level. For example, where the color element level of a sub-pixel is represented 
through eight levels, i.e., level 7 to level 0, the color element level of the sub-pixel defined as a sub-pixel for the basic 
portion Is set to level 7. 

[0144] Step S9 : The color element level of each sub-pixel arranged in the vicinity of the sub-pixel defined as a sub- 
pixel for the basic portion is set to one of seven levels, i.e., level 6 to level 0. Such a determination of the color element 

20 level is achieved by using, for example, the correction pattern table 5b stored in the auxiliary storage apparatus 40. 
[0145] Step S10: The color element level of each sub-pixel is converted to a brightness level. Such a conversion is 
performed by using, for example, the brightness table 5c stored in the auxiliary storage apparatus 40. 
[0146] Step S11 : Brightness data indicating the brightness level of each sub-pixel is transferred to the display device 
3. Thus, the brightness level of the display device 3 is controlled on a sub-pixel by sub-pixel basis. 

25 [0147] Figure 11 shows a portion of bit map data which represents a graphic. D(x,y) is a current bit. In this example, 
a bit in the vicinity of the current bit, D(x+a,y+b), is represented as N(a,b). Figure 11 shows eight vicinal bits which are 
vertically, horizontally, or diagonally adjacent to the current bit D(x,y), i.e., N(-1,-1), N(0,-1), N(1,-1), N(-1,0), N(1,0), N 
(-1 ,1). N(0,1), and N(1 ,1). These eight vicinal bits are referred to as "eight neighborhoods". It should be noted that bit 
map data used in the present invention is binary data, i.e., each of bits which form the bit map data has a value of "1 " 

30 or "0". A bit having a value of "1 " corresponds to a black area of a graphic. A bit having a value of "0" corresponds to 
a white area of the graphic. The bits N(a,b) and D(x,y) each have a value of "1" or "0". 

[0148] Figure 12 shows a portion of a display plane of the display device 3. P(x,y) is a pixel on the display plane. 
The bit D(x,y) of Figure 11 is assigned to the pixel P(x,y) when a graphic represented by a bit map data is displayed 
on the display device 3. The pixel P(x,y) includes three sub-pixels, C(3x,y), C(3x+1 ,y). and C(3x+2,y). When the bit D 
35 ( X( y) has a value of "1 ", among the three sub-pixels, C(3x,y), C(3x+1 ,y), and C(3x+2,y), a sub-pixel for the basic portion 
is defined according to the basic portion definition rule. When the bit D(x,y) has a value of "0", none of the three sub- 
pixels is defined as a sub-pixel for the basic portion. 

[01 49] According to the basic portion definition rule, whether or not each of the three sub-pixels included in the pixel 
P(x,y) is defined as a sub-pixel for the basic portion depends on the "0T1 " arrangement of the bits N(a,b) in the vicinity 
40 of the bit D(x,y) corresponding to the pixel P(x,y). The basic portion definition rule is now described. In a description 
below, it is assumed that the bit D(x,y) has a value of °1 ". 

[0150] Figure 13A shows an example of eight neighborhoods around the current bit D(x,y) in the bit map data. In 
the following description, a bit N(a,b) which has a value of "1" is represented as "N(a,b)=1". For example, in Figure 
13A, N(0,-1)=N(1,1)=1, and N(1 ,0)=N(0,1)=N(-1 ,1)=N(-1 ,0)=0. In Figure 13A, bits N(-1,-1) and N (1, -1) indicated by 
45 "* M each have any value of M 0" and'T'. Similarly in Figures 14A, 15A, and 16A, a bit Indicated by has any value 
of "0" and "1". These bits are not considered In the basic portion definition rule. 

[0151] Figure 13B shows sub-pixels defined as sub-pixels for the basic portion based on the basic portion definition 
rule when the eight neighborhood bits around the bit D(x,y) have values shown in Figure 13A. A pixel P(x,y) on the 
display screen which corresponds to the bit D(x,y) includes three sub-pixels, C(3x,y), C(3x+1 ,y), and C(3x+2,y). Among 
so these sub-pixels shown in Figure 13B, a sub-pixel labeled with "1 " is defined as a sub-pixel for the basic portion, and 
sub-pixels labeled with "0" are not defined as a sub-pixel for the basic portion. That is, the sub-pixel C(3x+2,y) is defined 
as a sub-pixel for the basic portion, and the sub-pixels C(3x,y) and C(3x+1,y) are not defined as a sub-pixel for the 
basic portion. 

[0152] The basic portion definition rule described with reference to Figures 13A and 13B can be represented by 
55 using logical expressions. 

[0153] In the following description, when logical values A and B are given, for example, "A*B" denotes a logical AND 
of the logical values A and B, "IA" denotes a logical NOT of the logical value A. When this rule is applied, in the case 
where the eight neighborhood bits around the bit D(x,y) have the values shown in Figure 13A, logical expression (1) 
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is satisfied: 

N(0,-1 ) w IN(-1 ,0riN(1 ,0)* IN(-1 ,1 )*IN(0,1 )*N(1 ,1 )=1 (1) 

Furthermore, the above process in which the sub-pixel C(3x+2,y) is defined as a sub-pixel for the basic portion and 
the sub-pixels C(3x,y) and C(3x+1 ,y) are not defined as a sub-pixel for the basic portion can be represented by ex- 
pressions (2): 

C(3x,y)=0, C(3x+1 ,y)=0, C(3x+2,y)=1 (2) 



[0154] The "basic portion" refers to a portion corresponding to a core of a graphic. When the graphic to be displayed 
is a character, the basic portion corresponds to a central portion of each stroke included in the character. Since the bit 

15 map data does not include information about the strokes, the basic portion must be defined by an estimation. The basic 
portion cannot be estimated from information about the current bit D(x,y) but can be estimated from information about 
the bits located In the vicinity of the current bit D(x,y). For example, from the bit map data shown in Figure 13A, It is 
estimated that the stroke is a curve which passes through a region corresponding to the bits N(0, -1), D(x,y), and N 
(1,1) (shown by a broken line 1301 in Figure 13A). As indicated by the broken line, this curve is considered to pass 

20 through the right side of the region corresponding to the bit D(x,y). Thus, referring to Figure 1 3B, the sub-pixel C(3x+2,y) 
included in the right side of the pixel P(x,y) corresponding to the bit D(x,y) is defined as a sub-pixel of the basic portion. 
The basic portion is defined on a sub-pixel by sub-pixel basis. Thus, the basic portion of the graphic can be defined 
with a higher definition than the bit map data of a graphic which has a pixel-based resolution. As a result, the graphic 
can be displayed with a high definition. 

25 [0155] The basic portion definition rule is generated based on the above estimation. The generated basic portion 
definition rule is represented by the above logical expressions, and used at Step S6 in the process shown in Figure 10. 
[0156] Figure 1 4A shows another example of eight neighborhoods around the current bit D(x,y) in the bit map data. 
[0157] Figure 14B shows sub-pixels defined as sub-pixels for the basic portion based on the basic portion definition 
rule when the eight neighborhood bits around the bit D(x,y) have values shown in Figure 14A. The basic portion def- 

30 inition rule represented by Figures 14A and 14B can be represented by using the following logical expressions: When 

N(-1,orN(1,0)=1, 

35 C(3x,y)=1 , C(3x+1 ,y)=1 , C(3x+2,y)=1 

[0158] Figure 15A shows still another example of eight neighborhoods around the current bit D(x,y) in the bit map 
data. 

[0159] Figure 15B shows sub-pixels defined as sub-pixels for the basic portion based on the basic portion definition 
40 rule when the eight neighborhood bits around the bit D(x,y) have values shown in Figure 15A. The basic portion def- 
inition rule represented by Figures 15A and 15B can be represented by using the following logical expressions: When 



N(O l -1)*IN(-1,0)*IN(1,orN(0,1)=1 l 
C(3x,y)=0, C(3x+1,y)=1 f C(3x+2,y)=0 

[0160] Figure 16A shows still another example of eight neigh bo rtioods around the current bit D(x,y) in the bit map 
data. 

so [0161] Figure 16B shows sub-pixels defined as sub-pixels for the basio portion based on the basic portion definition 
rule when the eight neighborhood bits around the bit D(x,y) have values shown in Figure 16A. The basic portion def- 
inition rule represented by Figures 16A and 16B can be represented by using the following logical expressions: When 



IN(-1 ,-1 )* IN(0,-iriN(-1 .0)* N(1 ,0) *IN(-1 ,1 )* IN(0,1 m , 
C(3x,y)=0, C(3x+1,y)=1, C(3x+2,y)=1 
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[0162] Thus, such a basic portion definition rule as described above is provided for the "17"0" arrangement pattern 
of the eight dots in the vicinity of the current bit D(x,y). Based on the basic portion definition rule, the basic portion of 
the graphic to be displayed on the display device 3 can be defined on a sub-pixel by sub-pixel basis. 
[0163] Figure 17 shows all "ITO" arrangement patterns of the eight neighborhood dots around the current bit D(x, 

5 y). Each box shown in Figure 17 includes the current bit D(x,y) and the eight neighborhood dots therearound. Each 
box is divided into nine regions. Each black region corresponds to a bit having a value of "1", and each white region 
corresponds to a bit having a value of "0". Figure 17 shows 256 boxes. This is because each neighborhood dot has a 
value of "1 " or "0", and accordingly, the number of the "1 7"0" arrangement patterns results in 2 8 =256 patterns. However, 
the number of basic portion definition rules is not necessarily required to be the same as the number of the "1T0" 

10 arrangement patterns, i.e., 256. As previously described, in Figures 13A, 14A, 15A, and 16A, bits indicated by ■** " 
each have any value of "0" and "1" and are not considered in the basic portion definition rule. Since the basic portion 
definition rule includes bits which are not considered therein, one basic portion definition rule can cover a plurality of 
"ITO" arrangement patterns among those shown in Figure 17. For example, the basic portion definition rule repre- 
sented by Figures 13A and 13B covers the "17 D 0" arrangement patterns shown in the boxes 1701, 1702, 1703, and 
is 1704 of Figure 17. Thus, when the basic portion definition rule includes a bit which takes any value of "1 " or "0", the 
number of the basic portion definition rules required for the present invention can be reduced. 
[0164] Boxes 1705 and 1706 are both reflected images of the box 1701 . The basic portion definition rules which are 
applied to the boxes 1705 and 1706 can be readily deduced from the basic portion definition rule represented by Figures 
1 3A and 1 3B. Furthermore, a box 1 707 is a 1 80°-rotated image of the box 1 701 . The basic portion definition rule which 
20 is applied to the box 1707 can also be readily deduced from the basic portion definition rule represented by Figures 
13Aand13B. 

[0165] The basic portion definition rule may be described in the form of a group of logical expressions as described 
above or in the form of table data. 

[0166] The present invention can employ as the bit map data, for example, a dot font which has been used in the 
25 conventional technique. 

[0167] Figure 18 shows a result of an application of the above basic portion definition rules to the bit map data (dot 
font) for the character "A" of the English alphabet shown in Figure 39B. In Figure 18, hatched regions denote sub- 
pixels which are defined as sub-pixels for the basic portion. 

[01 68] The color element level of each of the sub-pixels which have been defined as sub-pixels for the basic portions 
30 is set to the maximum color element level (color element level 7) by the display program 41a (Step S7 in Figure 10). 
Alternatively, the color element level of each of the sub-pixels which have been defined as sub-pixels for the basic 
portions may be set to a semi-maximum color element level (e.g., color element level 6). In this case, the entire graphic 
can be displayed in a lighter color. 

[0169] The color element level of each of the sub-pixels in the vicinity of the sub-pixels which have been defined as 
35 sub-pixels for the basic portions is determined using, for example, the correction pattern table 5b stored in the auxiliary 
storage apparatus 40. How to determine the color element level of each of the vicinal sub-pixels when the correction 
pattern table 2060 shown in Figure 9 is used as the correction pattern table 5b is now described below. 
[0170] The correction pattern table 2060 (Figure 9) defines a correction pattern 1 . Referring to Figure 18, the color 
element level of sub-pixel 1802 which is arranged adjacent to the left side of sub-pixel 1801 which has been defined 
40 as a sub-pixel for the basic portion is set to a color element level which corresponds to "Sub-pixel 1" of the correction 
pattern 1 , i.e., level 5. The color element level of sub-pixel 1803 is set to a color element level which corresponds to. 
"Sub-pixel 2" of the correction pattern 1 , i.e., level 2. The color element level of sub-pixel 1804 is set to a color element 
level which corresponds to "Sub-pixel 3" of the correction pattern 1 , i.e., level 1 . The color element levels of sub-pixels 
1812, 1813, and 1814 which are arranged adjacent to the right side of sub-pixel 1801 are determined in a similar 
« manner. Thus, by changing the color element level of each vicinal sub-pixel stepwise by using the correction pattern 
In the above-described manner, occurrence of a color noise can be suppressed in a portion where the difference In 
brightness between the adjacent sub-pixels is large. 

[0171] Figure 19 shows an example of color element level determination. In the example illustrated in Figure 19, the 
color element level of each of the sub-pixels for the basic portion (hatched sub-pixels of Figure 18) is set to level 7, 
50 and the color element level of each of the sub-pixels in the vicinity of the sub-pixels for the basic portion is determined 
by using the correction pattern table 2060. Each numeric value shown in Figure 19 denotes the color element level of 
each sub-pixel. 

[0172] In this way, the color element level of each of the sub-pixels in the vicinity of at least one specific sub-pixel 
corresponding to the basic portion of the graphic is controlled. 
55 [0173] A sub-pixel located in the vicinity of a sub-pixel corresponding to the basic portion may not be included in a 
pixel in which the sub-pixel corresponding to the basic portion is included. In the example illustrated in Figure 19, a 
part of sub-pixels included in pixels 3193 and 3194 adjacent to a pixel 3192 which includes a sub-pixel 3191 corre- 
sponding to the basic portion are considered as vicinal sub-pixels of the sub-pixel 3191 and set to color element level 
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2 or color element level 1 . 

[0174] Other correction patterns may be employed In place of the correction pattern 1 defined by the correction 
pattern table 2060 in accordance with various purposes. 
[0175] Hereinafter, variations of the correction pattern table are illustrated. 
5 [0176] Figure 20 shows a correction pattern table 2170 which is a variation of the correction pattern table 5b. The 
correction pattern table 2170 defines correction patterns 1-5. The correction patterns 1-5 are selectively used in ac- 
cordance with the width of lines of a graphic to be displayed, whereby the width of the lines of the graphic can be 
adjusted. 

[0177] For example, at Step S1 in Figure 10, line width information which represents the width of the lines of the 
10 graphic is input to the control section 20 through the input device 7. Thereafter, at Step S9 in Figure 10, one of the 
correction patterns 1-5 of the correction pattern table 2170 is selected in accordance with the line width information 
about the input graphic, and the color element level of sub-pixels adjacent to a sub-pixel corresponding to the basic 
portion is determined based on the selected correction pattern. When the correction pattern 5 is selected, the lines of 
the graphic are displayed so as to have a greater width as compared when the correction pattern 1 is selected. In this 
*s way, the line width of the graphic can be adjusted by changing the correction patterns, i.e., controlling the color element 
level of sub-pixels in the vicinity of a sub-pixel corresponding to the basic portion of the graphic. Such an adjustment 
of the line width is useful especially when a character is emphatically displayed. 

[0178] Alternatively, the adjustment of the line width can be achieved by increasing/decreasing the number of sub- 
pixels which are defined as sub-pixels for the basic portion. 

20 [0179] Figure 21 shows a correction pattern table 2180 which is a variation of the correction pattern table 5b. When 
the same correction pattern is used for displaying different sizes of graphics, lines of a larger-sized graphic looks 
narrower than those of a small-sized graphic. Thus, by changing correction patterns in accordance with the sizes of 
the graphics, variation in the apparent width of lines of the graphics, which may be caused due to the difference in size 
between the graphics, can be suppressed. 

25 [01 80] In the example illustrated in Figure 21 , three different correction patterns (correction patterns 1 -3) are provided 
respectively for a graphic size range of 20 dots or less, a graphic size range of 21-32 dots, and a graphic size range 
of 33-48 dots. Thus, by selecting a correction pattern appropriate forthe graphic size, it is possible to suppress variations 
in the apparent width of lines of the graphic. The variations in the apparent width of lines of the graphic may be further 
suppressed by dividing the graphic size range into a larger number of smaller ranges. For example, the size of a graphic 

50 is typically represented by the width or height of the graphic. 

[0181] The correction patterns defined by the correction pattern table 2180 are used at, for example, Step S9 of 
Figure 10. 

[0182] Figure 22 shows a correction pattern table 2270 which is a variation of the correction pattern table 5b. The 
correction pattern table 2270 defines a correction pattern 1 and a correction pattern 2. The correction pattern 1 and 

35 the correction pattern 2 are selectively used in accordance with the degree of complexity of a graphic. With such an 
arrangement, when a complicated graphic (e.g., a Chinese character having many strokes) is displayed, it is possible 
to prevent the entirety of the displayed graphic from appearing to be blackish. The complexity of the graphic can be 
determined by obtaining the ratio of the number of bits having a value of "1" to the number of bits having a value of 
"0". For example, the ratio of the number of bits having a value of "1" exceeds a predetermined ratio, the graphic is 

40 considered as a complicated graphic. The correction pattern 2 is applied to such a complicated graphic. Alternatively, 
the complexity of the graphic may be determined based on an arrangement of bits having a value of "1 H and bits having 
a value of "0". 

[01 83] In the above description, sub-pixels for the basic portion within a pixel P(x,y) are defined based on information 
about eight neighborhood bits around a bit D(x,y) corresponding to the pixel P(x : y). However, the sub-pixels for the 
45 basic portion within the pixel P(x,y) may be defined based on Information other than the information about the eight 
neighborhood bits around the bit D(x,y). 

[0184] In this way, Step S7and Steps S8-11 of Figure 10, as a whole, function as a step of displaying a graphic on 
the display device 3 by controlling the sub-pixels C(3x,y), C(3x+1 ,y), and C(3x+2,y) included in the pixel P(x,y) (Figure 
1 2) based on information about whether each of bits located in the vicinity of the bit D(x.y) corresponding to one of the 

so plurality of pixels 12 (Figure 1) has a value of "1" or "O". 

[01 85] Alternatively, according to the present invention, a sub-pixel for the basic portion of a graphic may be defined 
in accordance with the inclination angle of a line included in the graphic. Furthermore, correction patterns may be 
selectively used in accordance with the inclination angle. These are described below. In the example described below, 
R-, G-, B-sub-pixels included in a pixel are arranged in a horizontal direction. That is, a pixel includes a left-side sub- 

55 pixel, a middle sub-pixel, and a right-side sub-pixel. 

[01 86] Figure 23A shows bit map data which represents a line of tan0=1 . In Figure 23A, each hatched box represents 
a bit having a value of "1", and each open box represents a bit having a value of "0". Herein, 'lane" represents the 
inclination angle of a line included in a graphic. The inclination angle of a line included in a graphic can be obtained 
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by detecting continuity of "1 "-bits around a current bit. 

[0187] Figure 23B shows sub-pixels which are defined as sub-pixels for the basic portion of the line of tanB=1 shown 
in Figure 23A. In Figure 23B, sub-pixels labeled with "7" (color element level) denote sub-pixels for the basic portion 
of the line. When tan8=1 , among sub-pixels included in a pixel corresponding to a bit having a value of "1", a middle 
s sub-pixel is defined as a sub-pixel for the basic portion . For example, among sub-pixels 2321 , 2322, and 2323 included 
in a pixel 2312 corresponding to a bit 2301 having a value of "1" shown in Figure 23A, a middle sub-pixel 2322 is 
defined as a sub-pixel for the basic portion. 

[01 88] Figure 23C shows an exemplary color element level arrangement of sub-pixels in the vicinity of the sub-pixels 
forthe basic portion of the line of tan9=1 shown in Figure 23A. As shown in Figure 23C, when tan0=1 , the color element 
10 levels of the vicinal sub-pixels are determined using, for example, a correction pattern (5,3,2,1). 

[0189] Figure 24A shows bit map data which represents a line of tan0=1/3. In Figure 24A, each hatched box repre- 
sents a bit having a value of "1 ", and each open box represents a bit having a value of , '0 M . 

[0190] Figure 24B shows sub-pixels which are defined as sub-pixels for the basic portion of the line of tan8=1/3 
shown in Figure 24A. In Figure 24B, sub-pixels labeled with "7" (color element level) denote sub-pixels for the basic 

15 portion of the line. When tan6=1/3, among sub-pixels included in a pixel corresponding to a current bit having a value 
of "1", a middle sub-pixel is defined as a sub-pixel for the basic portion. Furthermore, when bits having a value of "1" 
are arranged adjacent to the right side and/or the left side of the current bit, among the sub-pixels included in the pixel 
correspondng to the current bit, the left-side sub-pixel and/or the right-side sub-pixel are also defined as sub-pixels for 
the basic portion of the line. For example, among sub-pixels 2521, 2522, and 2523 included in a pixel 2511 corre- 

20 sponding to a bit 2501 having a value of "1" shown in Figure 24A, a middle sub-pixel 2522 is defined as a sub-pixel 
for the basic portion. Furthermore, a left-side sub-pixel 2521 and a right-side sub-pixel 2523 are also defined as sub- 
pixels for the basic portion of the line. Moreover, among sub-pixels 2524, 2525, and 2526 included in a pixel 2512 
corresponding to a bit 2502 having a value of "1" shown in Figure 24A, a middle sub-pixel 2525 and a right-side sub- 
pixel 2526 are defined as sub-pixels forthe basic portion. 

25 [01 91] Figure 24C shows an exemplary color element level arrangement of sub-pixels in the vicinity of the sub-pixels 
for the basic portion of the line of tane=1/3 shown in Figure 24A. As shown in Figure 24C, when tan0=1/3, the color 
element levels of the vicinal sub-pixels are determined using, for example, a correction pattern (5,3,2,2,1,1). This 
correction pattern is different from the correction pattern (5,3,2,1) which is used when tan6=1 (see Figure 23C). Gen- 
erally, when a line is displayed in a display device, as the value of tanG for the line decreases, the jaggedness becomes 

30 more conspicuously. According to the present invention, by selecting a correction pattern appropriate for the value of 
tane, it is possible to reduce the degree of the jaggedness so as to be less conspicuous to a human eye even when 
the value of tanO is small. That is, the line can be displayed so as to appear smooth. 

[01 92] On the other hand, when the value of tane is greater than 1 , it is sometimes preferable that a different correction 
pattern be applied to a portion of a line in accordance with a position of a sub-pixel which is defined as a sub-pixel for 
35 the basic portion of the line. Such a case is described below. 

[0193] Figure 25A shows bit map data which represents a line of tan6=2. In Figure 25A, each hatched box represents 
a bit having a value of "1 ", and each open box represents a bit having a value of "0". 

[0194] Figure 25B shows sub-pixels which are defined as sub-pixels for the basic portion of the line of tan9=2 shown 
in Figure 25A. In Figure 25B, sub-pixels labeled with M 7" (color element level) denote sub-pixels forthe basic portion 

40 of the line. An oblique line shown in Figure 25A extends from the lower left comer toward the upper right corner. Two 
vertically-adjacent "V'-bits 2601 and 2602 (Figure 25A) correspond to pixels 2611 and 2612 (Figure 25B), respectively. 
From among these two pixels, in the lower pixel 2611, the left-side sub-pixel 2633 is defined as a sub-pixel for the 
basic portion; and in the upper pixel 2612, the right-side sub-pixel 2634 is defined as a sub-pixel for the basic portion. 
Sub-pixels 2631-2638 shown in Figure 25B are defined as sub-pixels for the basic portion in this manner. As seen 

45 from Figure 25B, central points of these sub-pixels forthe basic portion do not stand in a line but In a zigzag arrange- 
ment 

[01 95] Figure 25C shows an exemplary color element level arrangement of sub-pixels in the vicinity of the sub-pixels 
forthe basic portion of the line of tan6=2 shown in Figure 25A. As shown in Figure 25C, when tan8=2, different correction 
patterns are used for the right side and the left side of the sub-pixel for the basic portion. Specifically, a correction 

50 pattern (5,3,2,1) is applied to a neighborhood 2641 which is adjacent to the right side of the sub-pixel 2633 and a 
neighborhood 2643 which is adjacent to the left side of the sub-pixel 2634; and a correction pattern (4,2,1) is applied 
to a neighborhood 2642 which is adjacent to the left side of the sub-pixel 2633 and a neighborhood 2644 which is 
adjacent to the right side of the sub-pixel 2634. In this way, different correction patterns are applied to the right-side 
neighborhood and the left-side neighborhood, whereby an oblique line can be prevented from being perceived as a 

55 zigzag line (which may be caused due to the zigzag arrangement of sub-pixels for the basic portion). That is, an oblique 
line can be displayed as a smooth straight line. 

[0196] Figure 26A shows bit map data which represents a line of tan9=4. In Figure 26A, each hatched box represents 
a bit having a value of "1 and each open box represents a bit having a value of "0". 
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[01 97] Figure 26B shows sub-pixels which are defined as sub-pixels for the basic portion of the line of tan9=4 shown 
in Figure 26A. In Figure 26B, sub-pixels labeled with V" (color element level) denote sub-pixels for the basic portion 
of the line. An oblique line shown in Figure 26A extends from the lower left comer toward the upper right corner. Four 
vertically-adjacent 'T-bits 2801-2804 (Figure 26A) correspond to pixels 2811 and 2814 (Figure 26B), respectively. 
5 From among these four pixels, in the lowermost pixel 2811, the left-side sub-pixel 2821 is defined as a sub-pixel for 
the basic portion: in the middle pixels 2812 and 2813, the middle sub-pixels 2822 and 2823 are defined as sub-pixels 
for the basic portion; and in the uppermost pixel 2814, the right-side sub-pixel 2824 is defined as a sub-pixel for the 
basic portion. 

[01 98] Figure 26C shows an exemplary color element level arrangement of sub-pixels in the vicinity of the sub-pixels 
10 for the basic portion of the line of tan6=4 shown in Figure 26A. As shown in Figure 26C, a correction pattern (4,2,1 ) is 
applied to neighborhoods which are adjacent to the left and right sides of the sub-pixels 2821 and 2824; a correction 
pattern (5,3,2,1 ) is applied to a neighborhood which is adjacent to the left side of the sub-pixel 2822 and a neighborhood 
which is adjacent to the right side of the sub-pixel 2823; and a correction pattern (4,2,1) is applied to a neighborhood 
which is adjacent to the right side of the sub-pixel 2822 and a neighborhood which is adjacent to the left side of the 
*5 sub-pixel 2823. The correction pattern (4,2,1 ) is applied to neighborhoods which are adjacent to the left and right sides 
of the sub-pixels 2824 and 2821 . 

[0199] As described above, correction patterns are changed in accordance with a position of each sub-pixel which 
is defined as a sub-pixel for the basic portion of an oblique line, whereby the oblique line can be displayed as a smooth 
straight line. 

20 [0200] As described above with reference to Figures 23A, 23B, and 23C through 26A, 26B, and 26C, according to 
the method for controlling sub-pixels based on the continuity of bits, an oblique line can be displayed on the display 
device 3 as a smooth straight line. Thus, this method is useful especially when a graphic including many oblique lines 
is displayed on the display device 3. The process for defining sub-pixels for the basic portion of the graphic based on 
the continuity of bits is performed, for example, at Step S6 of Figure 10. Furthermore, the process for changing cor- 
rection patterns in accordance with a position of each sub-pixel which is defined as a sub-pixel for the basic portion is 
performed, for example, at Step S9 of Figure 10. 
[0201] In the examples described above, bits of bit map data which represent a graphic correspond to pixels on a 
display plane. For example, the bit D(x,y) of Figure 11 corresponds to the pixel P(x,y) of Figure 12. A single pixel can 
be considered as a group of a plurality of sub-pixels. For example, the pixel P(x,y) is considered as a group of sub- 
30 pixels C(3x,y), C(3x+1 ,y), and C(3x+2,y). In the present invention, although each bit of bit map data corresponds to a 
group of three sub-pixels, these sub-pixels are not necessarily included in one pixel. For example, the bit D(x,y) shown 
in Figure 11 may correspond to a group Grp of sub-pixels shown in Figure 12. Furthermore, the number of sub-pixels 
included in one group is not necessarily equal to the number of sub-pixels included in one pixel. For example, when 
one pixel includes three sub-pixels, one bit of the bit map data may correspond to a group Grp' of four sub-pixels. 
35 Furthermore, the present invention is not limited to a group of sub-pixels which are arranged only along the X-direction. 
For example, as shown in a group Grp" of sub-pixels in Figure 12, one bit of the bit map data may correspond to a 
group of sub-pixels which are arranged along the X- and Y-directions. Thus, also when a bit corresponds to a group 
of any predetermined number of sub-pixels, the present invention is applicable by using the basic portion definition 
rule in accordance with the number and arrangement of sub-pixels. Embodiments 2 and 4 (which will be described 
later) are also not limited to the arrangement where a bit corresponds to a pixel. A bit may correspond to a group of 
any predetermined number of sub-pixels. 

[0202] Furthermore, in the above examples, each sub-pixel has one of a plurality of color elements; however, the 
present invention is not limited thereto. For example, the graphic display technique of the present invention is applicable 
even when each sub-pixel is set to any of gray-scale levels based on black or white. Alternatively, even when all of 
sub-pixels have a single color element, e.g., G (green), a graphic can be displayed with a high definition by utilizing 
lightness/darkness levels of the single color element. 

[0203] Thus, according to the present invention, each bit of bit map data which represents a graphic corresponds to 
a group of any number (>1 ) of sub-pixels, and the sub-pixels included in the group are controlled based on information 
about bits around the bit corresponding to the group. With such a structure, the graphic can be displayed with a high 
definition, and the amount of data required for displaying the graphic can be reduced. 

[0204] According to the present invention, a graphic can be displayed with a higher resolution than that of bit map 
data which represents the graphic. Thus, the present invention is useful even when the resolution of the bit map data 
is low. For example, a character represented by a dot font including a small number of dots (I.e., a small-sized character) 
can be displayed with a high resolution. Therefore, the present invention is useful especially for an information display 
apparatus such as a portable information terrninal, a portable phone including a PHS, or the like. This Is because in 
the portable information display apparatus, the size of the display device is limited, and legibility undesirablly deterio- 
rates when the size of a character to be displayed on the display device increases. 

[0205] As described above, when a character is displayed by the graphic display apparatuses 1a according to em- 
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bodiment 1 (Figure 8A), i.e., when the graphic display apparatuses 1a is used as a character display apparatus, the 
character can be displayed with a high definition. However, the present inventors found through experimentations that 
a character is sometimes displayed such that a local portion of the character results in an undesirable shape. 
[0206] An example of such a case where a local portion of a character is displayed in an undesirable shape by the 
5 graphic display apparatuses 1a according to embodiment 1 is now described with reference to Figures 27A and 27B. 
[0207] Figure 27A shows bit map data (dot font) 3271 which represents a shape of a Chinese character "ft" having 
a character size of 11 dots x 11 dots. A portion 3273 is the third stroke of the Chinese character "ft", and a portion 
3274 is the fifth stroke of the Chinese character "ft". 

[0208] Figure 27B shows a result of application of the basic portion definition rules to the bit map data 3271 shown 
10 in Figure 27B. In Figure 27B, hatched regions denote sub-pixels which are defined as sub-pixels for the basic portion 
based on the basic portion definition rules which have been described above with reference to Figures 23A, 23B, and 
23C through 26A, 26B, and 26C. 

[0209] In the graphic display apparatuses 1a according to embodiment 1, for example in a similar manner to that 
described with reference to Figures 18 and 19, the color element level of each of the sub-pixels which have been 

*5 defined as sub-pixels for the basic portions shown in Figure 27B is set to the maximum color element level. 

[0210] Then, the color element level of each of the sub-pixels in the vicinity of the sub-pixels which have been defined 
as sub-pixels forthe basic portions is determined using the correction pattern table 5b. After such a determination, the 
character "it" is displayed on the display device 3 (Figure 8A). Thus, the arrangement of the sub-pixels for the basic 
portions is reflected in the quality of the character "ft" displayed on the display device 3. 

20 [0211] An encircled portion 3272 of Figure 27B is a local portion of the character "ft" which is displayed in an unde- 
sirable shape. In the encircled portion 3272, the upper end of the third stroke of the character "ft 0 which corresponds 
to the portion 3273 (Figure 27 A) is offset toward the right side thereof as compared with the other portion of the third 
stroke. Thus, when the character "ft" is displayed after the color element level of each of the vicinal sub-pixels is 
determined using the correction pattern table 5b, the upper end of the third stroke of the character "ft" (portion 3272) 

25 is undesirably distorted. As a result, the character "ft" is not displayed with a high definition. 

[0212] The cause of such an undesirable shape of the local portion of the character "ft" is that the basic portion 
definition rules consider the third stroke 3273 (Figure 27A) and the fifth stroke 3274 (Figure 27A) adjacent thereto as 
a single stroke. 

[0213] According to embodiment 2 of the present invention, a character display apparatus capable of displaying a 
30 character with a higher definition by correcting a local portion of a character which may result in an undesirable shape 
when employing the display method of embodiment 1 is provided. Such a character display apparatus is described 
below. 

(Embodiment 2) 



[0214] Figure 8B shows a structure of a character display apparatus 1b according to embodiment 2 of the present 
invention. In Figure 8B, like elements are indicated by like reference numerals used in Figure 8A, and detailed de- 
scriptions thereof are omitted. 

[0215] The character display apparatus 1b may be, for example, a personal computer. Such a personal computer 
40 may be of any type such as a desk top type or lap top type computer. Alternatively, the character display apparatus 
1b may be a word processor. 

[0216] Moreover, the character display apparatus 1b may alternatively be any information display apparatus such 
as an electronic apparatus or information apparatus incorporating a color display device. For example, the character 
display apparatus 1b may be an electronic apparatus incorporating a color liquid crystal display device, a portable 
45 Information terminal which is a portable information tool, a portable phone Including a PHS, a general-purpose com- 
munication apparatus such as a telephone/FAX, or the like. 

[0217] In the character display apparatus 1b, bit map data 5a stored in the auxiliary storage apparatus 40 is a dot 
font for a character. When a character is displayed on the display device 3, text data 26 including a character code, a 
character size, etc., is input to the control section 20 through the input device 7. The control section 20 searches for 
so data of the character to be displayed on the display device 3 through the bit map data (dot fonts) 5a stored in the 
auxiliary storage apparatus 40. In this case, for example, a keyboard or the like is used as the input device 7. In the 
case where the character display apparatus 1b is a portable phone, for example, the text data 26 may be input using 
numeric keys or a jog-dial. 

[0218] The character display apparatus 1b includes a display program 41b in place of the display program 41a of 
55 the character display apparatus 1 b (Figure 8A). The character display apparatus 1 b further includes local correction 
data 5e. 

[0219] The local correction data 5e indicates whether or not there is a local portion of a character which is displayed 
in an undesirable shape when the basic portion definition rules are applied to the character. The local correction data 
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5e further indicates, if so, where such a local portion is, and how the local portion should be corrected so as to display 
the character with a higher quality. 

[0220] Figure 28 illustrates a procedure for processing the display program 41 b. The display program 41 b is executed 
by the CPU 2. Each step in the procedure for processing the display program 41b will now be described. It should be 
5 noted that in Figure 28, the same steps (Steps S3-S6 and Steps S8-S11) described in Figure 10 are denoted by the 
same reference numerals, and the descriptions thereof are herein omitted. 

[0221 J Step S3801 : A character to be displayed on the display device 3 is designated. As described above with 
reference to Figure 8A, this designation is achieved by inputting the text data 26 to the control section 20 through the 
input device 7, 

10 [0222] Step S3802: The number of bits to be corrected by the local correction data 5e for the character designated 
at Step S3801 is stored in the main memory 4. A structure of the local correction data 5e is described later with reference 
to Figures 29 through 31 . 

[0223] Step S3803: It is determined whether or not the number of bits to be corrected, stored in the main memory 4 
at Step S3802, is equal to Nmax. Herein, among bits included in the bit map data of the character, a bit which causes 

15 the character to be displayed in an undesirable shape when applying the basic portion definition rules described with 
reference to Figures 13A and 13B through 16A and 16B, i.e., a bit to be corrected, is referred to as a "correction target 
bit". In the example illustrated in Figure 27A, a bit 3275 is a correction target bit. Nmax denotes the total number of 
bits Included In the bit map data for the character. Nmax Is calculated from the size of the character which has been 
designated by the text data 26 at Step S3801 . For example, when the size of the designated character is 1 1 dots x 

20 11 dots, Nmax = 11x11 = 121. 

[0224] Step S3804: The bit map data 5a of the character which has been designated at Step S3801 is stored in the 
main memory 4. 

[0225] Step S3805: It is determined whether steps S3-S6 have been performed for all of the bits which form the bit 
map data 5a. If "Yes", the process proceeds to step S3860. If "No", the process returns to step S3. At Step S3805, it 
25 may be determined whether steps S3-S6 have been performed for all of the bits which form the bit map data 5a except 
for the correction target bit. 

[0226] At the time when the result of Step S3805 is determined to be "Yes", a sub-pixel for the basic portion of the 
character has been defined for all of pixels corresponding to the bits included in the bit map data 5a except for the 
correction target bit. 

30 [0227] Step S3860: A sub-pixel for the basic portion of the character is defined based on the local correction data 
5e. Details of Step S3860 will be described later with reference to Figure 32. By executing Step S3860, with respect 
to a pixel corresponding to each correction target bit, a sub-pixel for the basic portion of the character is defined. Thus, 
at the time when Step S3860 is completed, a sub-pixel for the basic portion of the character has been defined for all 
of pixels corresponding to the bits included in the bit map data 5a. 

35 [0228] A data structure of the local correction data 5e is now described with reference to Figures 29 through 31 . The 
data structure of the iocal correction data 5e varies among three data structure patterns in accordance with the number 
of correction target bits among Nmax bits included in the bit map data of the character. 

[0229] Figure 29 shows a data structure of the iocal correction data 5e when the number of correction target bits, N, 
is greater than 0 and smaller than Nmax. The local correction data 5e includes a character number 3301 , the number 

40 of correction target bits, 3302, an X-coordinate 3304 and Y-coordinate 3305 of each correction target bit, and a basic 
portion pattern 3306 of the correction target bit. The character number 3301 is, for example, a character code which 
represents a type of the character. The X-coordinate 3304 and Y-coordinate 3305 of the correction target bit represent 
a position of the correction target bit in the bit map data which represents the shape of the character. The basic portion 
pattern 3306 of the correction target bit represents sub-pixels to be defined as sub-pixels for the basic portion of the 

45 character among sub-pixels Included In a pixel corresponding to the correction target bit. For example, when a pixel 
includes three sub-pixels arranged along a horizontal direction (a left-side sub-pixel, a middle sub-pixel, and a right- 
side sub-pixel), and the middle sub-pixel is defined as a sub-pixel for the basic portion, the basic portion pattern 3306 
can be represented as (0,1 ,0). 

[0230] The local correction data 5e includes N sets of an X-coordinate 3304 and Y-coordinate 3305 of a correction 
50 target bit, and a basic portion pattern 3306 of the correction target bit. 

[0231] In this way, the local correction data 5e designates N correction target bits and determines how sub-pixels 
for the basic portion is defined for each of the N correction target bit. 

[0232] Figure 30 shows a data structure of the local correction data 5e when the number of correction target bits, N, 
is equal to 0. In Figure 30, like elements are indicated by like reference numerals used in Figure 29, and detailed 
55 descriptions thereof are omitted. When N is 0, the local correction data 5e does not include an X-coordinate 3304 and 
Y-coordinate 3305 of a correction target bit, and a basic portion pattern 3306 of the correction target bit, which have 
been described with reference to Figure 29. 

[0233] Figure 31 shows a data structure of the local correction data 5e when the number of correction target bits, N, 
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is equal to Nmax. In Figure 31, like elements are indicated by like reference numerals used in Figure 29, and detailed 
descriptions thereof are omitted. Herein, N=Nmax means that all of the Nmax bits included in the bit map data of the 
character are correction target bits. In this case, if an arrangement order of the correction target bits has been previously 
determined, X-coordinates 3304 and Y-coordinates 3305, which will be described with reference to Figure 29, can be 
5 omitted. For example, the arrangement order can be previously determined such that a correction target bit 1 of Figure 
31 has an X-coordinate 0 and Y-coordinate 0, and a correction target bit 2 of Figure 31 has an X-coordinate 1 and Y- 
coordinate 0. Thus, when the values of X-coordinate and Y-coordinate are designated, a basic portion pattern of a 
correction target bit located at the designated X-coordinate and Y-coordinate (the n-th correction target bit (1 <n£Nmax)) 
can be obtained. 

10 [0234] Figure 32 shows a detailed procedure for defining a sub-pixel for the basic portion of the character based on 
the local correction data 5e (Step 3860 of Figure 28). Each step in the procedure of Figure 32 will now be described. 
[0235] Step S602: It is determined whether or not the number of correction target bits, N, is 1 or greater. If "Yes", the 
process proceeds to step S603. If "No", the process ends. This "No" at Step S602 means that the local correction data 
5e has the data structure shown in Figure 30. In this case, it is not necessary to define sub-pixels for the basic portion 

is of the character based on the local correction data 5e. 

[0236] Step S603: It is determined whether or not the number of correction target bits, N, is equal to Nmax. If "Yes", 
the process proceeds to step S608. This "Yes" at Step S603 means that the local correction data 5e has the data 
structure shown in Figure 31 . 

[0237] If "No" at Step S603, the process proceeds to step S604. This "No" at Step S603 means that the local correction 

20 data 5e has the data structure shown in Figure 29. 

[0238] Step S604: An X-coordinate 3304 and Y-ooordinate 3305 and a basic portion pattern 3306 of the n-th correc- 
tion target bit (Figure 29) are stored in the main memory 4. Herein, n is a natural number between 1 and N. 
[0239] Step S605: The correction target bit is assigned to one of the pixels. This assignment is achieved in a similar 
manner to that of Step S5 included in the procedure described with reference to Figure 10. 

25 [0240] Step S606: Among sub-pixels included in a pixel corresponding to the correction target bit, sub-pixels for the 
basic portion are defined. This determination is achieved based on the basic portion pattern 3306 stored in the main 
memory 4 at Step S604. 

[0241] Step S607: It is determined whether steps S604-S606 have been performed for all of the correction target 
bits. If "Yes", the process ends. If "No", the process returns to step S604, and then, steps S604-S606 are performed 
30 for other correction target bits. 

[0242] Step S608: The coordinate value Y is initialized to 0. 
[0243] Step S609: The coordinate value X is initialized to 0. 

[0244] Step S610: The basic portion pattern 3306 (Figure 31) of the n-th correction target bit located at a position 
represented by the coordinate value X and coordinate value Y is stored in the main memory 4. 
35 [0245] Step S61 1 : The correction target bit is assigned to one of the pixels. This assignment is achieved in a similar 
manner to that performed in Step S605. 

[0246] Step S61 2: Among sub-pixels included in a pixel corresponding to the correction target bit, a sub-pixel for the 

basic portion is defined. This determination is achieved based on the basic portion pattern 3306 stored in the main 

memory 4 at Step S61 0. 
40 [0247] Step S61 3: The coordinate value X is incremented by 1 . 

[0248] Step S614: It is determined whether or not X-Xmax. Herein, Xmax denotes the maximum value of the X- 

coordinate in the bit map data of the character. If "Yes" at Step S614, the process proceeds to Step S615. If "No" at 

Step S614, the process returns to step S610. 

[0249] Step S615: The coordinate value Y is incremented by 1 . 
45 [0250] Step S616: It is determined whether or not Y=Ymax. Herein, Ymax denotes the maximum value of the Y- 

coordlnate in the bit map data of the character If "Yes" at Step S616, the process ends. If "No" at Step S616, the 

process returns to step S609. 

[0251] Figure 33 shows an example of a local correction data 5e of a Chinese character "ft". The character number 
3301 indicates that a character code of the character "ft " is "4327". The number of correction target bits, 3302, indicates 

so that the number of correction target bits included in bit map data which represents the character "ft" is "1". The X- 
coordinate 3304 and Y-coordinate 3305 indicate that the correction target bit is at a position (4,2) in the bit map data. 
This correction target bit corresponds to the bit 3275 shown in Figure 27A. The basic portion pattern 3306 indicates 
that when the correction target bit is assigned to a pixel, among three sub-pixels arranged along the horizontal direction 
(X-direction) in the pixel, a middle sub-pixel should be defined as a sub-pixel for the basic portion of the character. 

55 [0252] Figure 34 shows the basic portions of the character which have been defined by executing Steps S3801 to 
S3860 in the procedure shown in Figure 28 with the bit map data 3231 (Figure 27 A) and the local correction data 5e 
(Figure 33). 

[0253] The upper end portion of the third stroke of the character "•ft", which is the encircled portion 3342 of Figure 
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34, is arranged on a line on which the other portions of the third stroke are arranged. This is because among sub-pixels 
3343-3345 included in the pixel 3346 (Figure 34) which corresponds to the correction target bit 3275 (Figure 27 A), the 
middle sub-pixel 3344 is defined as a sub-pixel for the basic portion of the character. 

[0254] In view of the quality of a character, it is desirable to define the basic portion of the character as shown in 
5 Figure 34 as compared with the example shown in Figure 27B. 

[0255] Afterthe basic portion of the character has been defined as shown in Figure 34, Steps S8-S1 1 in the procedure 
of Figure 28 are executed. As a result, the character "ft" can be displayed with a high quality (i.e., displayed in a 
desirable shape). 

[0256] The designation of the correction target bits to be corrected by the local correction data 5e and the selection 
10 of a method for defining sub-pixels for the basic portion for each of the correction target bits are performed in advance 
for bit map data of each character while considering the quality of the character to be displayed by the character display 
apparatuses 1b. The correction target bits are required to be designated only in a portion where the character is dis- 
played in an undesirable shape when the basic portion definition rules described with reference to Figures 13A and 
13B through 16A and 16B are applied. Although, the data amount required for displaying a character is increased due 
'5 to the presence of the local correction data 5e, the increased amount is small. Thus, according to embodiment 2 of 
the present invention, a character display apparatuses 1b in which a character which is represented by bit map data 
can be displayed with a high definition and a high quality and the data amount required for displaying the character is 
small is achieved. 

[0257] Thus, in the character display apparatuses 1 b (Figure 8B) according to embodiment 2 of the present invention, 
sub-pixels included in a pixel (i.e., a group of sub-pixels) corresponding to a bit which is not a correction target bit are 
controlled based on information about bits located around the bit through Steps S6 and S8-S11 shown in Figure 28 
(Process (1)). Meanwhile, sub-pixels included in a pixel corresponding to a correction target bit are controlled based 
on the basic portion pattern 3306 of the local correction data 5e through Steps S3860-S1 1 shown in Figure 28 (Process 
(2)). With such processes, the character can be display on the display device 3 with a high definition and with a high 



[0258] Whether the character display apparatuses 1b performs determination of the basic portion of the character 
based on information about vicinal bits around each of the bits included in the bit map data or based on the basic 
portion pattern defined by the local correction data depends on the local correction data. Thus, the local correction 
data can be recognized as additional information which is prepared for each of the bits included in the bit map data 

30 and which indicates how to defines the basic portion for the bit. Therefore, it is recognized that a bit which is not 
designated as a correction target bit in the local correction data is provided with additional information which represents 
"the basic portion is defined based on information about bits located around the bit" , and a bit which is designated as 
a correction target bit in the local correction data is provided with additional information which represents "the basic 
portion is defined based on the basic portion pattern" and which designates the basic portion pattern. Thus, the char- 

55 acter display apparatuses 1 b selectively performs Process (1 ) or Process (2) in accordance with the information pro- 
vided to each of the bits included in the bit map data. 

[0259] The entirety of a character may not be displayed according to the display principle described in embodiment 
2 of the present invention. In the case where at least a portion of the character is displayed according to the display 
principle described in embodiment 2 of the present invention, and the other portion is displayed according to any 
40 conventional technique, the at least a portion of the character can be displayed with a high definition and with a high 
quality. Thus, the above additional information is only required to be provided to one of the bit map data which represents 
the shape of the character 

[0260] Correction target bits included in bit map data which represents a character may have a value of "1" or 'O". 
Which sub-pixels are defined as sub-pixels for the basic portion among sub-pixels included in a pixel corresponding 

45 to the correction target bit depends only on the basic portion pattern of the correction target bit, that Is, whether the 
value of the correction target bit is "1" or M 0". Thus, when all of the bits Included In the bit map data which represents 
the shape of the character are correction target bits, i.e., when the local correction data has a data structure shown in 
Figure 31 , the basic portion of the character is defined based only on the local correction data without depending on 
the bit map data which represents the shape of the character, whereby the character is displayed with a high quality. 

so [0261] In embodiments of the present invention which will be described below ! a character display apparatus capable 
of displaying a character with a high quality when all of the bits included in the bit map data which represents the shape 
of the character are correction target bits is described. 

(Embodiment 3) 

55 

[0262] Figure 8C shows a structure of character display apparatus 1c according to embodiment 3 of the present 
invention. In Figure BC, like elements are indicated by like reference numerals used in Figure 8B, and detailed de- 
scriptions thereof are omitted. 
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[0263] The character display apparatus 1c may be, for example, a personal computer. Such a personal computer 
may be of any type such as a desk top type or lap top type computer. Alternatively, the character display apparatus 1c 
may be a word processor. 

[0264] Moreover, the character display apparatus 1c may alternatively be any information display apparatus such 
5 as an electronic apparatus or information apparatus incorporating a color display device. For example, the character 
display apparatus 1c may be an electronic apparatus incorporating a color liquid crystal display device, a portable 
information terminal which is a portable information tool, a portable phone including a PHS, a general-purpose com- 
munication apparatus such as a telephone/FAX. or the like. 

[0265] The character display apparatus 1 c does not have the bit map data 5a shown in Figure 8B. Furthermore, the 
10 character display apparatus 1c includes basic portion data5f in place of the local correction data 5e shown in Figure 8B. 
[0266] The basic portion data 5f included in the auxiliary storage apparatus 40 has, for example, a similar data 
structure to that of the local correction data 5e shown in Figure 31 . 

[0267] In the local correction data 5e shown in Figure 31, the basic portion of a character is defined based on the 
basic portion pattern 3306 for all of the bit map data which represents the shape of the character. This basic portion 

is j S represented as, for example, (0,1,0), where each of the elements, "0", "1", and "0", corresponds to one sub-pixel. 
As described above, the element "1" corresponds to a sub-pixel for the basic portion of the character. In this way, the 
basic portion data 5f defines the basic portion of the character on a sub-pixel by sub-pixel basis. 
[0268] The procedure for processing the display program 41 c is the same as that for processing the display program 
41b except that Steps S3803-S3805 of the procedure shown in Figure 28 and Steps S602, S603, and S604-S607 of 

20 the procedure shown in Figure 32 can be omitted. 

[0269] The data structure of the. basic portion data 5f is not limited to the same structure as that of the local correction 
data 5e shown in Figure 31 , but may be any data structure which defines the basic portion of the character on a sub- 
pixel by sub-pixel basis . For example, the basic portion data 5f may not have a basic portion pattern which defines 
sub-pixels for the basic portion of the character for each correction target bit (i.e., for each pixel). The basic portion 

25 data 5f may have a basic portion pattern which defines the basic portion of the entire character. In such a case, each 
element of the basic portion defined for the entire character is directly assigned to a sub-pixel of a display device in 
place of the processes performed at Steps S611 and S612 shown in Figure 32. 

[0270] The basic portion data 5f may have a data structure with a data amount reduced according to a compression 
scheme such as a run-length compression scheme or the like. Especially, when the size of a character to be displayed 
30 based on the basic portion data 5f is large, an effect of reducing the data amount according to a compression scheme 
is increased. 

[0271] As described above, the control section 20 of the character display apparatus 1 c reads the basic portion data 
5f from the auxiliary storage apparatus (storage) 40 at Step 610 of Figure 32. 

[0272] Furthermore, at Step S8 of Figure 10, the control section 20 of the character display apparatus 1c sets the 
35 color element level of at least one specific sub-pixel corresponding to the basic portion of the character to a predeter- 
mined color element level (e.g., a maximum color element level). 

[0273] Furthermore, at Step S9 of Figure 10, the control section 20 of the character display apparatus 1c sets the 
color element level of a sub-pixel adjacent to at least one specific sub-pixel which corresponds to the basic portion of 
the character to a predetermined color element level (e.g. , any color element level except for a maximum color element 
40 level). 

[0274] Thus, a character can be displayed with a high definition, with a high quality, and without causing a color noise 
on the display device 3. 

(Embodiment 4) 

45 

[0275] Figure 8D shows a structure of a graphic display apparatus 1d according to embodiment 4 of the present 
invention. In Figure 8D, like elements are indicated by like reference numerals used in Figure 8A, and detailed descrip- 
tions thereof are omitted. 

[0276] Moreover, the graphic display apparatus 1d may be any information display apparatus such as. an electronic 

so apparatus or information apparatus incorporating a color display device. 

[0277] A display program A 91a is used for displaying a graphic on the display device 3 according to a conventional 
technique for displaying a graphic represented by binary bit map data 5a or 25a on a pixel by pixel basis. A display 
program B 6a is used when a graphic represented by binary bit map data 5a or 25a is displayed on the display device 
3 according to the graphic display method of the present invention. The procedure for displaying a graphic by the 

55 display program B 6a is the same as that described with reference to Figure 10. 

[0278] Alternatively, the procedure for displaying a graphic by the display program B 6a may be the same as that 
described with reference to Figure 28. In such a case, the graphic display apparatus 1 d may include the local correction 
data 5e shown in Figure 8B or the basic portion data 5f shown in Figure 8C. 
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[0279] Display device characteristic data 5d indicates input/output characteristics of the display device 3. For exam- 
ple, the display device characteristic data 5d may be, for example, a table or a function formula which represents the 
relationship between an input brightness level and an output brightness value for each color element. 
[0280] A brightness table generation program 6b contains characteristic data of the reference display device (here- 
s matter, referred to as a "reference display device characteristic") and a corresponding brightness table which is used 
as a reference table (reference brightness table). The brightness table generation program 6b generates a brightness 
table suitable for the display device 3 according to a predetermined procedure while referring to the display device 
characteristic data 5d. 

[0281] An operation of the brightness table generation program 6b is now described below. 

10 [0282] Figure 35 shows a relationship between the reference display device characteristic and a characteristic of 
the display device 3. A curve 261 denotes the reference display device characteristic, and a curve 262 denotes the 
characteristic of the display device 3 (display device characteristic data 5d). An input level (horizontal axis) is, for 
example, the brightness level of a sub-pixel. A normalized output level (vertical axis) is, for example, a value obtained 
by normalizing an actual brightness value of a sub-pixel on the display device. The curves 261 and 262 respectively 

is denote a reference display device characteristic and a characteristic of the display device 3 for a specific color element. 
Such a relationship between a reference display device characteristic and a characteristic of the display device 3 is 
obtained for each of color elements (R, G, B). As shown by the curves 261 and 262, the characteristic of the display 
device 3 does not necessarily coincide with the reference display device characteristic. For example, an input level 
required for obtaining a desirable normalized output level M 3 in a display device, which is used as a reference display 

20 device, is L 3 . However, an input level required for obtaining the normalized output level M 3 in the display device 3 is 
L 3 +d 3 . The value d 3 is a difference value in the input level L 3 . Values d r d 6 shown in Figure 35 are difference values 
in input levels LyL^. As seen in Figure 35, each of the difference values at input levels L 0 and L 7 is 0. A curve 267 
denotes a relationship between the input level and the difference value. When'it is assumed that the input levels L 0 - 
L 7 are brightness levels corresponding to the color element levels 0-7 in a reference brightness table, the correction 

25 amount to be reflected in the reference brightness table is obtained for each color element from difference values 
shown by the curve 267. That is, in the example illustrated above, the brightness level L 3 which corresponds to the 
color element level 3 in the reference brightness table is corrected by the difference value d 3 . In the corrected brightness 
table, the brightness level corresponding to the color element level 3 results in L^+dg. 

[0283] Figure 36 shows correction amounts for the reference brightness table. Values shown in table 2792 are cor- 
30 rection amounts for the brightness levels and are difference value, shown by the curve 267 (Figure 35), for each of 
color elements (R,G,B). However, when a difference value is greater than a difference of brightness levels correspond- 
ing to two adjacent color element levels defined in the reference brightness table, the correction amount for the bright- 
ness level may be restricted within the difference of the brightness levels. For example, in the case of employing a 
brightness table 92 shown in Figure 5 as a reference brightness table, the difference between the brightness level (36) 
35 for color element level 6 in a color element R column and the brightness level (73) for color element level 5 in a color 
element R column is 37. Thus, the upper limit of the correction amount for the brightness level for color element level 
6 in a color element R is limited to within 37. With such a structure, the correction amount for the brightness level can 
be set so as to be in accordance with the reference brightness table. It should be noted that the correction amounts 
shown in table 2792 are exemplary and can be varied according to the characteristic of the display device 3. 
40 [0284] Figure 37 shows a corrected brightness table 2892 which is obtained by correcting the reference brightness 
table. The corrected brightness table 2892 is obtained by adding, using the brightness table 92 shown in Figure 5 as 
a reference brightness table, correction amounts shown in the table 2792 (Figure 36) to the brightness levels defined 
in the brightness table 92. 

[0285] Such a corrected brightness table is used when the display program B 6a converts the color element level to 

45 the brightness level, for example, at Step S1 0 in the procedure shown in Figure 10. 

[0286] Figure 38 illustrates a procedure for processing the brightness table generation program 6b. The brightness 
table generation program 6b is executed by the CPU 2. Furthermore, the brightness table generation program 6b is 
executed, for example, when the display device 3 is replaced with another, and contents of the display device charac- 
teristic data 5d are changed accordingly. Each step in the procedure for processing the brightness table generation 

so program 6b will now be described. 

[0287] Step SB1 : The contents of the display device characteristic data 5d are read into the main memory 4. 
[0288] Step SB2: The display device characteristic read at Step SB1 and the reference display device characteristic 
are compared, whereby a difference value is calculated for each brightness level. Herein, each brightness level is a 
brightness level which is defined for each color element and each color element level in the reference brightness table. 

55 The comparison between the display device characteristic read at Step SB1 and the reference display device charac- 
teristic is performed for each of color elements (R,G,B). The reference display device characteristic and the reference 
brightness table are incorporated in the brightness table generation program 6b. 

[0289] Step SB3: Correction values are calculated based on the difference value obtained at Step SB2 so as to be 
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in accordance with the reference brightness table. 

[0290] Step SB4: The correction amount calculated at Step SB3 is added to the reference brightness table, whereby 
a corrected brightness table is derived. 

[0291 J It should be noted that the reference display device characteristic and the characteristic of the display device 
5 3 are not limited to the expression system of color elements R, G, and B. For example, a characteristic data may be 
displayed based on an expression system of color elements C(cyan), Y(yellow), and M(magenta). The characteristic 
data which has been displayed based on other expression system can be converted into the expression system of 
color elements R : G s and B using a predetermined function formula. 

[0292] When content data such as electronic books or the like is displayed by the graphic display apparatus 1d, the 
io display program A 91a may not only display a graphic on the display device 3 but also include basic functions for 
reading an electronic book such as a page layout, flipping of pages, bookmarks, etc. When a graphic is displayed, the 
display program A 91a checks whether or not there is a display program B 6a. If so, the above basic functions are 
realized by the display program A 91a, the function for displaying a graphic on the display device 3 is realized by the 
display program B 6a. If there is no display program B 6a, the above basic functions and the function for displaying 
is the graphic on the display device 3 are realized by the display program A 91 a. In this case, the graphic can be displayed 
using a conventional technique in which the graphic is controlled on a pixel by pixel basis. Such a control is executed 
by the control section 20. 

[0293] When the graphic display apparatus 1d is structured as described above, the display program B 6a, the 
brightness table generation program 6b, and the correction pattern table 5b may not be stored in the auxiliary storage 

20 apparatus 40 but may be supplied from outside. In this case, the graphic display apparatus 1d includes only the display 
program A 91a, bit map data 5a, and the display device characteristic data 5d in the auxiliary storage apparatus 40, 
i.e., the graphic display apparatus 1d itself only includes the above basic functions and a function for displaying a 
graphic according to a conventional technique. When the display program B 6a, the brightness table generation program 
6b, and the correction pattern table 5b are supplied as parts of the content data of the electronic book, for example, 

25 in the form of applets, the applets are utilized in the graphic display apparatus 1d as a program and data. Thus, the 
graphic display function capable of displaying a graphic with a high definition according to the present invention can 
be realized. 

[0294] By supplying programs and data in the form of applets, the graphic display technique of the present invention 
can be applied to a conventional personal computer or a portable information terminal. Whether or not an applet is 

30 included as a part of content data is determined by the control section 20. With such an arrangement, for example, in 
the graphic display apparatus 1d, in addition to the basic functions, a function for displaying an electronic book which 
includes characters with a high definition is achieved. The electronic book displayed with characters with a high defi- 
nition provides a function for reducing the eye strain of a reader. Especially when an electronic book is read in a size- 
limited portable information apparatus, a character displayed with a high definition is desirable. 

35 [0295] The content data such as an electronic book which includes such applets is supplied from a recording medium 
such as a CD-ROM, a memory card, etc. The content data may be input to the graphic display apparatus 1d through 
a reading device (input device 7) for the recording medium or may be input to the graphic display apparatus 1d through 
a network communication path. The network communication path may beatelephone line ora wireless communication 
line. Furthermore, the applets may not be input as parts of the content data but may be input solely into the graphic 

40 display apparatus 1d. 

[0296] According to the present invention, each of the bits included in bit map data which represents a graphic is 
assigned to a group including any plural number of sub-pixels, and each sub-pixel included in the group is separately 
controlled stepwise based on information about bits located in the vicinity of the bit corresponding to the group. Although 
the resolution of the bit map data corresponds to the size of each group of sub-pixels, the resolution for displaying the 
45 graphic corresponds to the size of each sub-pixel. Thus, the graphic can be displayed with a definition higher than that 
of the bit map data which represents the graphic. Furthermore, the bit map data used in the present Invention is binary 
bit map data which is the same as a conventionally-employed dot font. Thus, the amount of data required for displaying 
the graphic is reduced. 

[0297] Furthermore, according to the present invention, additional information is provided to at least one of the bits 
50 included in bit map data which represents a character, and a mode for controlling sub-pixels included in a group cor- 
responding to the bit provided with the additional information is switched according to the additional information between 
the following two different modes: (1 ) the sub-pixels are controlled based on information about bits located In the vicinity 
of the bit provided with the additional information; and (2) the sub-pixels are controlled based on a pattern determined 
by the additional information. When a portion of a character whose sub-pixels are controlled based on information 
55 about vicinal bits is displayed in an undesirable shape, the sub-pixels are controlled based on a pattern determined 
by the additional information . With such an arrangement, the character represented by the bit map data can be displayed 
with a high definition and a high quality, and the amount of data required for displaying the character is reduced. 
[0298] Further still, according to the present invention, the color element level of at least one particular sub-pixel 
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corresponding to a basic portion of a character is set to a predetermined color element level based on basic portion 
data, and the color element level of at least one sub-pixel located adjacent to the at least one particular sub-pixel 
corresponding to the basic portion of the character is set to a color element level different from the predetermined color 
element level. The intensity of each of a plurality of color elements is represented stepwise through a plurality of color 
5 element levels, and thus, the color element levels of adjacent sub-pixels can be set such that the color element levels 
gradually increases/decreases from sub-pixel to subpixel. With such an arrangement, occurrence of a color noise can 
be suppressed. The basic portion data defines the basic portion of the character on a sub-pixel by sub-pixel basis, and 
therefore, the character can be displayed with a high definition and a high quality. 

[0299] The present invention is applicable in displaying characters used in any language (e.g., Chinese characters, 
10 the Hangul (Korean) alphabet, characters used in various European languages, etc.). 

[0300] Various other modifications will be apparent to and can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims appended 
hereto be limited to the description as set forth herein, but rather that the claims be broadly construed. 

15 

Claims 

1 . A graphic display apparatus for displaying a graphic which is represented by binary bit map data, comprising: 

20 a display device including a plurality of sub-pixels; and 

a control section for controlling the display device, 
wherein the plurality of sub-pixels form a plurality of groups, 

each of the plurality of groups includes a predetermined plural number of sub-pixels, and 
the control section assigns each of bits included in the bit map data to one of the plurality of groups and displays 
25 the graphic by controlling sub-pixels included in the one of the plurality of groups based on information about 

bits located in the vicinity of the bit assigned to the one of the plurality of groups. 

2. A graphic display apparatus according to claim 1 , wherein the control section defines a basic portion of the graphic 
to be displayed on the display device based on the information about the bits located in the vicinity of the bit 

30 assigned to the one of the plurality of groups. 

3. A graphic display apparatus according to claim 1 , wherein the control section controls the sub-pixels included in 
the one of the plurality of groups based on information about continuity of the bits located in the vicinity of the bit 
corresponding to the one of the plurality of groups. 

35 

4. A graphic display apparatus according to claim 1 , wherein: 

one of at least one color element is pre-assigned to each of the plurality of sub-pixels, and the intensity of 
each of the at least one color element is represented stepwise through a plurality of color element levels; 
40 each of the plurality of sub-pixels has one of the plurality of color element levels; and 

the control section sets a color element level of at least one particular sub-pixel corresponding to a basic 
portion of the graphic to be displayed on the display device to a maximum or semi-maximum color element 
level, and sets a color element level of at least one sub-pixel adjacent to the at least one particular sub-pixel 
corresponding to the basic portion of the graphic to a color element level different from the maximum or senil- 
es maximum color element level. 

5. A graphic display apparatus according to claim 4, wherein the control section adjusts a width of a line of the graphic 
to be displayed on the display device by controlling the number of sub-pixels corresponding to the basic portion 
of the graphic. 

50 

6. A graphic display apparatus according to claim 4, wherein the control section adjusts a width of a line of the graphic 
to be displayed on the display device by controlling the color element level of a sub-pixel adjacent to the at least 
one particular sub-pixel corresponding to the basic portion of the graphic. 

55 7. A graphic display apparatus according to claim 4, wherein: 

each of the plurality of sub-pixels is controlled by converting the color element level to a brightness level 
according to a predetermined table; and 
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the control section generates the predetermined table according to a characteristic of the display device. 

A graphic display apparatus according to claim 7, wherein the control section compares a characteristic of a ref- 
erence display device and the characteristic of the display device and generates the predetermined table according 
to a difference in the characteristics. 



9. A character display apparatus for displaying a character which is represented by binary bit map data, comprising: 

a display device including a plurality of sub-pixels; and 
to a control section for controlling the display device, 

wherein the plurality of sub-pixels form a plurality of groups, 

each of the plurality of groups includes a predetermined plural number of sub-pixels, 
the control section assigns each of bits included in the bit map data to one of the plurality of groups, and 
according to additional information provided to at least one of the bits included in the bit map data, the control 
15 section switches a mode for controlling sub-pixels included in a group to which the bit provided with the addi- 

tional information is assigned between the following two different modes: 

(1) the sub-pixels are controlled based on information about bits located in the vicinity of the bit provided 
with the additional information; and 
20 (2) the sub-pixels are controlled based on a pattern designated by the additional information. 

10. A character display apparatus, comprising: 

a display device including a plurality of sub-pixels; 
25 a control section for controlling the display device; and 

a storage section for storing basic portion data which defines a basic portion of a character on a sub-pixel by 
sub-pixel basis, 

wherein one of a plurality of color elements is pre-assigned to each of the plurality of sub-pixels, 
the intensity of each of the plurality of color elements is represented stepwise through a plurality of color 
30 element levels, 

each of the plurality of sub-pixels has one of the plurality of color element levels, and 
the control section: 



reads the basic portion data from the storage section; 
35 sets a color element level of at least one particular sub-pixel corresponding to the basic portion of the 

character to a predetermined color element level based on the basic portion data; and 
sets a color element level of at least one sub-pixel adjacent to the at least one particular sub-pixel corre- 
sponding to the basic portion of the character to a color element level different from the predetermined 
color element level. 

40 

1 1 . A graphic display method for displaying a graphic which is represented by binary bit map data on a display device 
including a plurality of sub-pixels, wherein: 



the plurality of sub-pixels form a plurality of groups; 

each of the plurality of groups includes a predetermined plural number of sub-pixels; and 
the method comprises steps of: 



(a) assigning each of bits included in the bit map data to one of the plurality of groups; and 

(b) displaying the graphic on the display device by controlling sub-pixels included in one of the plurality 
of groups based on information about bits located in the vicinity of the bit assigned to the one of the plurality 
of the groups. 



12. A character display method for displaying a character which is represented by binary bit map data on a display 
device including a plurality of sub-pixels, wherein: 

55 

the plurality of sub-pixels form a plurality of groups; 

each of the plurality of groups includes a predetermined plural number of sub-pixels; and 
the method comprises steps of: 
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(a) assigning each of bits included in the bit map data to one of the plurality of groups; and 

(b) according to additional information provided to at least one of the bits included in the bit map data, 
switching a mode for controlling sub-pixels included in a group to which the bit provided with the additional 
information is assigned between the following two different modes: 

5 

(b-1) the sub-pixels are controlled based on information about bits located in the vicinity of the bit 
provided with the additional information; and 

(b-2) the sub-pixels are controlled based on a pattern designated by the additional information. 

10 1 3. A character display method for displaying a character on a display device including a plurality of sub-pixels, wherein : 

one of a plurality of color elements is pre-assigned to each of the plurality of sub-pixels; 

the intensity of each of the plurality of color elements is represented stepwise through a plurality of color 

element levels; 

15 each of the plurality of sub-pixels has one of the plurality of color element levels; and 

the method comprises steps of: 

(a) reading from a storage device, basic portion data which defines a basic portion of the character on a 
sub-pixel by sub-pixel basis; 

20 (b) setting a color element level of at least one particular sub-pixel corresponding to the basic portion of 

the character to a predetermined color element level based on the basic portion data; and 

(c) setting a color element level of at least one sub-pixel adjacent to the at least one particular sub-pixel 
corresponding to the basic portion of the character to a color element level different from the predetermined 
color element level. 

25 

14. A recording medium which can be read by an information display apparatus incorporating a display device including 
a plurality of sub-pixels, wherein: 

the recording medium contains a program for allowing the information display apparatus to execute a graphic 
30 display process; 

the plurality of sub-pixels form a plurality of groups; 

each of the plurality of groups includes a predetermined plural number of sub-pixels; and 
the graphic display process comprises steps of: 



(a) assigning each of bits included in binary bit map data to one of the plurality of groups; and 

(b) displaying a graphic on the display device by controlling sub-pixels included in one of the plurality of 
groups based on information about bits located in the vicinity of the bit assigned to the one of the plurality 
of the groups. 

15. A recording medium which can be read by an information display apparatus incorporating a display device including 
a plurality of sub-pixels, wherein: 



the recording medium contains a program for allowing the information display apparatus to execute a character 
display process; 

the plurality of sub-pixels form a plurality of groups; 

each of the plurality of groups includes a predetermined plural number of sub-pixels; and 
the character display process comprises steps of: 



(a) assigning each of bits included in binary bit map data to one of the plurality of groups; and 

(b) according to additional information provided to at least one of the bits included in the bit map data, 
switching a mode for controlling sub-pixels included in a group to which the bit provided with the additional 
information is assigned between the following two different modes: 

(b-1) the sub-pixels are controlled based on information about bits located in the vicinity of the bit 
provided with the additional information; and 

(b-2) the sub-pixels are controlled based on a pattern determined by the additional information. 
16. A recording medium which can be read by an information display apparatus incorporating a display device including 
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a plurality of sub-pixels and a storage section for storing basic portion data for defining a basic portion of a character 
on a sub-pixel by sub-pixel basis, wherein: 

the recording medium contains a program for allowing the information display apparatus to execute a character 
5 display process; 

one of a plurality of color elements is pre-assigned to each of the plurality of sub-pixels; 

the intensity of each of the plurality of color elements is represented stepwise through a plurality of color 

element levels; 

each of the plurality of sub-pixels has one of the plurality of color element levels; and 
10 the character display process comprises steps of: 

(a) reading from the storage section the basic portion data which defines the basic portion of the character 
on a sub-pixel by sub-pixel basis; 

(b) setting a color element level of at least one particular sub-pixel corresponding to the basic portion of 
*s the character to a predetermined color element level based on the basic portion data; and 

(c) setting a color element level of at least one sub-pixel adjacent to the at least one particular sub-pixel 
corresponding to the basic portion of the character to a color element level different from the predetermined 
color element level. 

20 17. A program for allowing an information display apparatus incorporating a display device including a plurality of sub- 
pixels to execute a graphic display process, wherein: 

the plurality of sub-pixels form a plurality of groups; 

each of the plurality of groups includes a predetermined plural number of sub-pixels; and 
25 the graphic display process comprises steps of: 

(a) assigning each of bits included in binary bit map data to one of the plurality of groups; and 

(b) displaying a graphic on the display device by controlling sub-pixels included in one of the plurality of 
groups based on information about bits located in the vicinity of the bit assigned to the one of the plurality 

30 of the groups. 

18. A program for allowing an information display apparatus incorporating a display device including a plurality of sub- 
pixels to execute a character display process, wherein: 

35 the plurality of sub-pixels form a plurality of groups; 

each of the plurality of groups includes a predetermined plural number of sub-pixels; and 
the character display process comprises steps of: 

(a) assigning each of bits included in binary bit map data to one of the plurality of groups; and 
4° (b) according to additional information provided to at least one of the bits included in the bit map data, 

switching a mode for controlling sub-pixels included in a group to which the bit provided with the additional 
information is assigned between the following two different modes: 

(b-1) the sub-pixels are controlled based on information about bits located in the vicinity of the bit 
45 provided with the additional information; and 

(b-2) the sub-pixels are controlled based on a pattern determined by the additional information. 

19. A program for allowing an information display apparatus incorporating a display device including a plurality of sub- 
pixels and a storage section for storing basic portion data for defining a basic portion of a character on a sub-pixel 

so by sub-pixel basis to execute a character display process, wherein: 

one of a plurality of color elements is pre-assigned to each of the plurality of sub-pixels; 

the intensity of each of the plurality of color elements is represented stepwise through a plurality of color 

element levels; 

55 each of the plurality of sub-pixels has one of the plurality of color element levels; and 

the character display process comprises steps of: 

(a) reading from the storage section the basic portion data which defines the basic portion of the character 
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on a sub-pixel by sub-pixel basis; 

(b) setting a color element level of at least one particular sub-pixel corresponding to the basic portion of 
the character to a predetermined color element level based on the basic portion data; and 

(c) setting a color element level of at least one sub-pixel adjacent to the at least one particular sub-pixel 
corresponding to the basic portion of the character to a color element level different from the predetermined 
color element level. 
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FIG. 5 
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FIG. 6 



Brightness table 94 







Brightness level 






R 


G 


B 




7 


0 


0 


0 


J 


6 


30 


30 


30 


5 


60 


60 


60 




4 


100 


100 


100 


E 

CP 


3 


150 


150 


150 


Color i 


2 


185 


185 


185 


1 


220 


220 


220 




0 


255 


255 


255 



FIG. 7 



Brightness table 96 







Brightness level 






R 


G 


B 




7 


0 


0 


0 "J 




6 


36 


36 


105 




5 


73 


73 


130 


a> 


4 


109 


109 


155 


E 

4) 
<U 


3 


146 


146 


180 


k_ 

o 


2 


182 


182 


205 


o 
c_> 


1 


219 


219 


230 




0 


255 


255 


255 



34 



EP1 158 485 A2 




25a 



Auxiliary storage apparatus 



Display program 



Bit map data 



Correction pattern table 



Brightness table 



• 41 a 

-5 

-5a 



-5b 
5c 



V 



1a 



35 



EP 1 158 485 A2 



FIG.8B 
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FIG. 8C 
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FIG.16A 
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